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From the Depar of P i and D of Chemustry harohnska
Institutet Stockholm Sweden

Biologtcal Effects of an Unsaturated Trhydroxy Aad
(PGF,,) from Normal Swine Lung
Prostaglandin and Related Factors 13
By
ERIx ANGGARD and SunE BERGSTROM
Received 6 September 196

Abstract

AnceArp E and S Berestrom Brological ¢ffects of an unsaturated
infydroxy acd (PGFza) tsolated from normal suine g Acta physiol
scand 1963 58 1—12 — The effects on vanous isolated smooth
rauscle organs and on the cardiovascular system of cats and rabbits
werestudied The rabbit duodenum guinea pigleurn rat duedenum
and colon hen rectal caecum gumea pig uterus and rat uterus were

d to a slow Rabbit duod: and

treated rat uterus proved the most sensitive argans with a threshold
concentration as low as 0001 pg/m! Iv injection m rabbis of
15~30 pg/kg caused 2 fall 1n blood pressurc with no changes m
nght ventricular pressure or heart rate T+ injection of 15—30 ug/kg
m cats ncreased right ventncular pressure with a concomutant
depression of the systemic blood pressure A bradycardia which
could be abolished by vagotomy or atropine ocowrred 10—30 seconds
later It was concluded that in cats the fall in blood pressure resulted
partly from a reduced cardiac output due to constriction of the
pulmonary vessels partly from the bradycardia and to a munor extent
onlv from durect effects on muscle vessels

The smooth muscle sumulating actiaty of the prostaglandin  present m
semunal plasma of man and sheep and 1n cxtracts of the vesicular gland of
sheep (Goroeratr 1933 Euier 1934 1939) has recently been found to be
due to several related compounds The compound first ssolated 1n pure form
from vesicular glands of sheep  PGE, has been found to have the structure

1633015 Acta physiol scand Vol 58



2 ERIK ANGGARD AND SUNE BERGSTREM

shown below (I} and recently two related compounds were 1solated, PGE,
and PGE, that contmin respectively one and two additional double bonds
(BergsTrROW etal 1962 a, b)

These authors also observed smooth muscle stmulating activity 1n the acdic
fraction of the Iipid extract from normal lungs of sheep and pigs The punfication
of these factors has led to the 1solation of the same new compound from both
sources which 1s related to the prostaglandins mentioned above and 1n the
following When the different prostaglandms PGE, PGE, and PGL, are
reduced with sodium borohydnde each yields two 1someric tnhydroxy com
pounds (cf BErGsTROM etal 1962 b) designated PGF , and PGF x8* of which
the former 1somer in each case had shghtly higher smooth muscle stimulating
potency on rabbrt duodenum than the parent compound and the latter con
siderably less It has been found that the factor isolated from normal lungs 1s
1dentrcal with the more active of the two reduction products of PGE, and can
thus 1n this nomenclature be called PGF , with the structure shown below
{II) (BercsTroy etal 1962 c)

The studtes of the Inological properties of the factor 1solated from swine lungs
were started with concentrates before the pure compound was available but
the eflects reported here are all due to this factor alone

I (PGE; = 11« 15 dihydroxy 9 keto prost 13 enoic acd)
CH,—(CH ),—CH-CH = CH—CH—— CH—{(CH ),—COOH

OH HO(|]H (SN
v o]
CH,
II (PGF , =9z 1la 15-trihydroxy prosta 5 13 dienoic acid)
CH,—(CH.),~CH—_CH = CH-CH—CH-CH —CH = CH~(CH ),~COOH
AH HO(|]H H(I:OH

2

CH,

2

Methods
The aad was prepared as described by Berostrow etal (1962 ¢) Samples of the
preparation § €1¢ weighed and dissolved 1 0 15 M phosphate buffer (pH 69 or 74}
and kept at —20 G until tested
The wsolated organs were suspended n a bath of ated
with 6.5° COpm O The ts were recorded
with a hnear frontal wniung lever

y on a smoked drum

\ The subsndex x {x = 1 2 or 3) refers to the parent Exompound.



EFFECTS OF AN HYDROXY ACID FROM SWINE LU\G

Solutions of the following composition were used

Tyrode solution NaCl 08 per cent, RO 0 02 per cent CaCl, 002 per cent, YgCl,
00093 per cent NaHCO, 0 1 per cent NaH,PO, 0 004 per cent glucose 0 1 per cent

De Falon s solution. NaGl 09 per cent, KCI 0042 per cent CaCl, 0006 per cent
NaHCQO; 803 per cent glucose 8 02 per cent

Frebs Henselest solutwon DaCl 0 69 per cent KCL 0 033 per cent CaCl, 0 028 per cent,
AMg50, 0 011 per cent, N\aHCO, 021 per cent, KH PO, 0 014 per cent glucose 0 1 per
cent

Atropine 1.5 106 M and mepyramme 2 5 10”7 M were added in some experiments
on wolated intestnes but since these addines did not alier the responses they were
omutted 1n the majonity of the tests

Particulars for the various organs were as follows Rapbet duodenzm Ammals Jalled
with infrasyenous air ot blow on the head 2—3 cmn strp of duodenum close to pylorus
Tyrode solution 10 ml bath temp 37 C

Gunea prg e Aprmals lalled by blow on the head and bled to death 2 om segment
from distal ileun Tyrode solution 4 ml bath temp 37 C

Rat duodenum  Amimals lightly anesthetized with ether and then bled to death 2 an
strip close to pvlorus De Jalon s solution 4 ml bath temp 37 C

Rat colon  Anymals hghtly anesthetized with ether and then bled to death 2 cm
segment from descending colon de Jalon s solution } ml bath, temp 37 C

Cat duedenum  Cats 14—26 kg anesthetized with ether and then bled to death
2—3 cam of proumal duodenum Tyrode solution 10 ml bath, temp 37 C

Hen yectal caecum S oung hens were killed by cutting the neck 3—4 cm segment of
rectal caecum 8 parrow proximal end Tyrode solution 10 ml bath temp 37 C

Rat wterus Virgin asumals 100—200 g were Lightly anesthetized with ether then bled
to death In 5 exp 1 mg estradiol (Follidnn C benzoat, Astra) was
given 1@ 24—48 hours earlier De Jalon s soluton atropme 15 107 M 4 ml bath
temp 32 C

Guanea prg, ulerus Non pregnant ammals 280—480 g were stunned by 2 blow on the
head and bled to death 2 —3 cm strip of the utenine horn De Jalon s solution atropne
15 107 M 4 ml bath temp 32—35 C

Tracheal chany preparation The cartilagenous sections of tracheal rngs from cats
rabbits and guinea pigs were removed and 56 segments were tied together wath fine
nylon thread as desenibed by Axcasu (1959) Farebs Henselert solution hghtly balaneed
balsa wood lever 4 or 10 ml bath temp 37 C

Broncual chan preparation Tatrapulmonary broncht from cats were carefully dissected
out and cut nto rngs (Hawkrs and Scrmp 1951) and were tied together wath fine
nylon thread and suspended 1n a 4 or 10 m] bath Rrebs-Henseleit solution temp 37 C.

In mee expenuments were performed on cats weighing 1 1-—3 8 ke anesthetzed wath
chloralose (2550 mg/kg1 v ) and urethane (0 2—0 9 g/kg + ) and on rabbuts weighsng
23—31 kg anesthetized with urethane (1—1 6 gfhgzy ) The trachea was cannulated
Artenaf pressure was recorded 1 one of the carouds by a Statham pressure transducer
{P 23 AA) Heart rate was determmed hy means of an mterval recorder (Goinsanat
and LIvDGREN 1962) via impulses from the blood gressure chanoel of the Grass msteu.
ment. Rectal temperature was mamntamed at about 37 C by means of a heating lamp
directed towards the animal s chest 1 v injections were made through a plastic cannula
inserted 1n the night jugular vem, with its tip 2 few cm from the heart

Right intratentricular pressure was recorded with a Statham pressure transducer
(P 23 AA) Following thoracotomy and pommsve pressure antsfionl zespiration a poly
cthylene catheter was advanced through the ventricular wall mto the cavity with the
aud of a sharp metal probe which was then removed. Injections m the left ventricle were
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shown below () and recently two related compounds were iolated, PGE,
and PCE, that contam respectnely one and two additional double bonds
{Berostrost etal 1962a b)

‘These authors also obsers ed smooth muscle stmulating activity i the acdic
fracuon of the hipid extract from normal lungs of sheep and pigs The punificauon
of these factors has led to the ssolation of the same new compound from both
sources which 1s related to the prostaglandins mentioned above and in the
following When the different prestaglandins PGE, PGE, and PGE, are
reduced with sodium horohydnde each yields twa isomenc trihydrosy com
pounds {cf BerostroM etal 1962 b) designated PGF,, and PGF _4* of which
the former 1somer 1 each case had shghtly higher smooth muscle stmulating
potency on rabbit duodenum than the parent compound and the latter con
siderably less It has been found that the factor wolated from normal lungs s
identical with the more actue of the two reduction products of PGE and can
thus in this nomenclature be called PGF , with the structure shown below
{II) {BergsTrdw ctal 1962 ¢)

The studzes of the bialogical properties of the factor isolated from swine lungs
were started with concentrates before the pure compound was available but
the effects reported heze are all due 1o this factor alonc

1 (PGE, = 11a 15 dihydroxy 9 keto prost 13 enow acid)
CHy—(CH,)—CH~CH = CH~CH  CH—(CH },—COOH

On HOCH C
s 0

1

CH,

11 (PGF , = 9 lle 15 tnhydroxy prosta 5 13 dienoie acid)
CH,—(CH ),~CH~CH = CH-CH CH~CH —~CH = CH~(CH },~COQH
f

] |
OH HOCH HCOH

CH,

1

Methods
“The acid was prepated as described by Bercrmrow etal (1962 ¢ Samples of the
preparation were werghed and dissohved te 0 15 M phosphate buffee (pEH 69 or 74)
and kept at ~20 € uant tested
The wolated organs were suspended 10 a bath of led oxygenated
with 6.5 % CO; 18 O The movements were recarded sotonically on a smoked drum
with 2 haear frontal writing lever

$3hesubindex x {(x =1 2 ¢ 3 refers 1o the parent E~compound.
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Fig 2 Dos- responsc regression for PGF _ on 150
Jated sabbat dhaodemma The responses shown
Fig 1 are plotted agamst the log dose Note hnear
zegression cunve

0005 00l 002 Q04
0OSE M vy LOG SCALE

Fig 3a_Isolated duodemum cat. Bath
10'ml_Tyrode solution Time 1n uptutes
A =01;gPCk2a

B = 03 g acetylcholine

= 1z PGF2s

b Isolated duodenum, rat Bath 4 ml

De Jelon s slation Tue i smnutes
=021 yg PGF.a

014 “ PGE

C=007;gPCF o

D Z 05 g acerylcholine

Results
Rabbit duodenum

This preparation 13 extremely sensitive to PGF The contraction starts
after a latency of 10~—20 sec and slowly proceeds to a maxymum within 2 min
The ts typically increase 1n amplitude but
may remarm unchanbcd Relzumuon 1s also slow and takes 1—3 mun {Fig 1)
Reproducible quantitative effects with a straight log dose response relationshup
were obtamed 1n concentrations from 0001 wg/ml (Fig 2) but even smaller
doses produced a defimte contraction
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a b
Fig 42 Isolated ileurn guwrea pig Bath 4 m} Tyrode solution with atropine 15 306 % and
mepyramune 107 M Time 1n nunutes Note tendency to tachyphylaxis.
A =1 ug PGF1a
b Isolated rectal caccum hen Bath 10 mt Tyrode solution ‘Time wn runutes
A =0} pg acetylcholine
B = 0.5 pg PGF

Cat duodrmum

PGF,, sumulated this organ to a c and P
actwty (Fig 32} 1n concentrations from Q 01 gigfml Asin the guinea prgaleum
decreasing sensunity to PGF , was obsersed on subsequent simulations

¥ Rat duodenum

PGF  stumulated this organ 1n concentrations from 0 025 pgfinl and pro-
soked increased spontancous actiaty (g 3b) No tachyphylaxis was noted
Rat colon

In 2 expennments PGF,, produced a contraction in concentrations from
0123 pg'ml
Gunea prg deum

PGF_, 1n concentrations from 0 025 psg/mi caused a stow contracuon starung
after a latency of 5—I15 sec ‘arving degrees of tachyphylaxis were ahways
noted as was a tendency to develop iregular spontancous activity (Fig 4a)

Subseq h wnduced c were p i

q

Hen rectal caecum

Thus preparation was ven sensine to PGF_, Concentrations from 000>
pgfm] produced a slow contraction and increased spontapeous activity F1g
4b), continuing several munutes after the bath solution was changed
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Soofo
288
R &

g2

g SHT
rent dose response relations for PGF.a and § HT
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Rat uterus

A strong stmulatory effect was noted m concentrations from 001 ugfml
(Fig 5a) Pre treatment of the rat with oestrogen inereased the sensitmaty of
the uterus 10—50 times Lysergic acid diethylamide 1n 0 1 yrg/ml had no effect

on PGF  but blocked equi-efective doses of 5 hydroxytryptamine (5 HT)
completely

Gunea prg ulerus

PGF  caused this organ to contract mn concentrations from 001 pgjml
(Fig Sb)

Tracheal chain preparation

The responses of tracheal muscle from cat rabint and guinca pig were weak
cven at concentrations up to 2 5 ggfm! In one preparation from a guinea pig
however a strong reproducible sumulatory effect was noted at a concentration
of 85 peg/ml 1n the bath
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Table I Approimate threshold doses on varous test prepe Jor PGF  and comp

of actiaty with PGFiq

Test preparation Threshold dosc 1 ftg per ml bath volume
PGFy PGFy,
(presentinvestigation) [ (BercsTram eral 1939)

Rabbit duodenum 0001 10003-001

Cat duodenum 001 —005 -

Rat duodenum 0025-01 1008 —03

Rat colon 01%-0> -

Guinea pig sleum 0025--01 03 -1

Hen rectal caccum 0005—-p01 001

Rat uterus 001 00> 005

Rat uterus, estrogen treated 0001 p

Gunea pig uterus 001 007 02

\ Jepunum used mstead of duodenum

Bronchial chain preparation
In two experuments on bronchi from cats PGF,, in 01—25 pg/ml was
without effect although the chain showed gh sensinwty 1o acetylcholin

Table I gives the approximate threshold doses on sarious test preparations
and compares the actnaty of PGF , and PGF,, (BerestrOY et al 1909)
PGF  appears 1n general to be shightly more actwve than PGF,,

Circulatory and respiratory system

Cats

Intravenous injection 1n cats of 15~30 pg/kg increased right ventricular
Ppressure within a few seconds with a concomitant fall 1n systemic blood pres
surc 10—30 sec later there occurred a bradycardia which could be more or
less pronounced and m a few experiments was entirely absent The blood
pressure tracing often had a biphasic appearance the first fall being assocrted
with the mcrease i night ventricular pressure the second and slower fall with
the onsct of bradycardia Vag or atrop bolished the bradycar
dia and reduced the intensity and duration of the blood pressurc depression t0
a varable extent the rise 1in night ventricular pressure remaimng unchanged
(Fig 6) If mmally the bradycardia was pronounced vagotomy or atropinc
were more effectne g the def D of PGF_ The
7 rel. hip bet the sarious factors responsible for the
fall 10 blood pressure proved difficult ta establish owing to a tendency 10
tachyphylaxis
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Fig 6 Effectsof1v mye ton of PGF a before and afier acropine Cat2 1kg Chlorslose 100 mg

urcthane 0 6 g Note that the brady card a ocours after about 70 sec1at ncy and thatit st abolished
by atropine

Injection mto the left ventricle caused no or httle mmmediate fall in blood
pressure After a latency of 7—15 sec the same effects but less pronounced
were observed as after 1+ i g that the sub: had recircu-
lated

The direct effects of PGF_, on vascular beds were also studied 1n muscle
intestine and kidney Intraartenal mjections of 1-—10 uz into a muscle moder
ately increased the flow of blood through that area indicating a vasodilation
Injected into the supenor mesentenc artery 1—10 ug of PGF_, produced a
shght decrease m blood flow I'his effect could however be secondary to
contractions of the smooth muscle layers of the intestinal wall Ia myections
of 110 pg to the kudney did not affect blood flow through thar area

The fall 1n blood pressure could also be partly explamed by reflex mhibrtion
of vasoconstrictor tone 1 perpheral vessels In 3 experuments the cross
circulated huind leg of a cat showed no increase in blood flow when PGF,,
was snjected 11 mto the recsprent ammal On the contrary the blood flow
decreased to a varying degree denoting vasoconstriction This effectwas possibly
of baroceptor refles onigin

An increased bronchial resstance was regularly observed following 1y m
Jection of 1530 ug PGF  (Fig 6) This effect could be due to constriction
of the bronchial smooth muscles or to displacement of arr into the recording
system, dary to pul v or bath
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Rabbuts

PGF , anjected 1y 1n 15—30 pgfkg caused a fall in systemic blood pressure
lasting 3~-10 mn, depending on the dose No effects were observed onright
ventricular pressure or heart rate Owing to the hmrted supply of pure PGF_
the effects were not further analyzed

Discussion

The factor solated from swine lung (PGF , (II)) was found to be a highly
potent smooth muscle stimulating substance with a wide range of biological
actwvity Its effect when added to an 1solated smooth muscle organ is to produce
a slow contraction The most sensitive organs tested were the rabbit duodenum
and the estrogen treated rat uterus both of which responded to concentrations
as low as 0001 pgfml Varying degrees of tachyphylaxs were noted on the
guinea pig 1leum and the cat duodenum Obviously this makes these organs
unswitable for the assay of PGF,,

Of the organs tested the rabbit duodenum seemed to be particularly well
swited for routine assay as it 1s highly sensitive and gives quantitatively regular
responses for several hours

The effects of PGF , on 1solated tracheal and bronchial muscles from eat
rabbit and gumea pig were weak On the other hand, an inereased bronchial
resistance was consistently seen upon 1v njections in cats Admuttedly this
could be secondary to crculatory effects of PGF,, as discussed on p 9
Further analysis of this effect 15 necessary to establishif PGF_, has any broncho-
constrictor effect 1 oo

Intravenous wnjection n cats of 15—30 pg/kg caused a marked nise of night
ventricular pressure with a fall in systemic blood pressure and somewhat later
a bradyeardia As the nse of pressure in the right ventricle occurred concom
tantly with the fall 1n blood pressure 1t seems possible 10 assume that the
first phase of the depression resulted from a decreased cardiac output duc to
constriction of the pulmonary vessels The bradycardma appeared with a latency
of 10—30 scc and could be abolished by y or gs The
decrease 1n heart rate could then be a reflex effect chiaited from pressure
receptors 1n the lung or right side of the heart The bradycardia was of vanable

ntensity and 1n a few cats entirely absent When blood pressure responscs
to PGF,, were studied 1n different experiments before and after vagotomy of
atroptmization 1t appeared that the bradycardia 1f sufficient 1n magnutude was
of quantitative importance in the second slow phase of the depression A tendency
to tachyphylixis howerer dered such q 1 difficulr

The cross perfusion experiments revcaled that reflex snhibution of vasocon
strictor tone did not contribute to the hypotensive effects of 1+ injected PGE,,




EFFECTS OF A% HYDROKL ACID FROM SWISE LUNG }3

Injectson m the aorta or left ventrcle cavsed only a small reducuon m blood
pressure Thus the direct effect an the vessels seemed ta be of manor snportance
Thas conclusion 1s also supporied by finding that 12 injections of 1--10 pg
PGF_, into muscle ntestinal and venal vascular beds increased the blood
flow only through the muscle

An wnalysis of the Blood pressure depresung action of PGY_, i the car thus
showed that ths effect was due 1o p Iy o of puly v blood
vessels but alsa to some extent 4o the bradycardia

In yabbus the effect of 11 ingected PGE _, was abo a mashed prolonged falt
m blood pressure The mechamsm by which PGF , exerts s hvpotensine
effect tetmed howeves ¢o be dufferent fom that i the cat 28 no changes m
ngat sentricular pressure and heart mate were obsersed

Beanngm mind the close chemical stmulanty of the long facter (= PG ) and
the prostaglandins 1solated from sheep vesicudar glands {(Berovrrovetal 1962
2 b o), 1tis of interest 1o recall some early observanons by Evier (1939) with
a punfied evtract of sheep glands fa perfused hundquasters of rabbyts and cats
ths  prostaglondin  caused 2 clear vasodilaton m the rabbet but had only
weak vasodilator effects in the cat These findings could provide ap explanation
for the different arccdatory effects of PGE_, 1w cats and rabints found 1y the
present amesugation EveEr also consstently noted vasoconstractor effects of

prostaglandm 10 the wolated perfused Tungs of both cats anch yabbus This
would agree with the present n 7 o data 1 cats but not 1 rabbus

A tompansen 15 also relevant between our results and those of BerasTrOM
ctal (199) sith regard to the effects of the two arystalltae prostaglandin
factors PGE, and PGF,, It appears that PGF_, has the same range of bulog
staf actwity as PGF,, only bewng shighthy more potent (Table I} An addttional
deuble bond at the place mdacated m formula 1T thus seems to wcresse the
smeath musele stumslatimg achvin

Lay etal 1961 described sn a recent short communicaton the presence
of unooth muscle sumulanng acuvity SRS 1 an acsdie hipsd avtradt from
rormal swane Jungs A direct eomparsson betnten the preparation of L eral
and of PGEF, will hate to be mads to establish whether the actat 1 due

ta the same ¢ompound

Since PGF , has bern ssolated from normal hung tissue 1218 mtezestng that
1 exerts such profound effects on the pulb vascalar sistem However o
Little 23 knawn of the biological actons formation and release of thay substance
to jusufy any further sp 33 to 215 physiol 3 it at thus point

al

This work 1s past of mvesugatons supporteq by gramt from S e ka Sallikapet fr
Med cnsk Fordsung  (EAJ Publc Hed g any n o FE 0653302 10 profesor B Uynas
(EA)  Therese och Johan Andersons sumne ($B) and  Gustaf och Tyea § ensons
sy (ST
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Brotimdase Actavaty in Anumal Tissues
BY
Marrs howusaco and Jaskko Prea
Receyved 4 October 1962

Abstract

Karusarn AL and | Pues. Buwtudase aciuxty 16 anmal tussues
Acta physol seand 1963 58 1319 — Paoumdase achenty of
‘hyman serum aad rat gumea pig and rabbst serum byver and wotesting
was determtined usng biocytan as jubsteate The botmdase activites
of human serus and rat serum and bssues were of the same magmimde
in guinea pig serum the activity was about {8 per cent and 1n cabbat
serum only 1 per cont of the acavity m human and rat st Swunrlar
although Jexs marked dufferences were found m the brotinidase actity
of tat, guinea pig and rabbut tssues The botmdase 2ctonsy of human
and rat sera was whibrted by p chloromercunbenzoare, arsemste and
monawdoacetate 1t was shghtly gamolated by glutathione Echy
benedaamme tetraacenate and oyande bad no effect In zone electro-
wophoresss the human serum hwotmidase actoaty bad shightly amal
fer mobidity at pH 86 than albumun and moved 1 2 sngle peak.

Tt 1s well etablished that hiots n cells and tesues w firmly bound o pro-
ten {Gyorcy 1993) A sunple broun conjugate biocyun has been ssolated
n erystathme form from yeast extract (WRICHT #f af 1930 1952) and idenuified
ax & ™ bistmyt Ldyune (Peen., Worr and Founees 192 sn which the carb.
oxy! group of biotin 15 bound to the amne group of lysime through a peptide
bond Lke Gnkage In the known bwotn enzymes which eaalyze carboryla
tan and transcarboty lation reacuons buaqn 13 behieted to be convalenily bound
 the proten apparently to lysine residurs (Lynes et al 1909 1961 Svaxi
and Grasor, 1900 huazio Lrows and Ocnoa 1960 Ocnos and Kazmo 1961}

Troua and Perersas (1924) hase found in hog lner and kedney an enzyme
whieh releases free broun from the bound forms after erypuc or pepuc hydro-
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Iyms It also hydrolyzes biocytin and ™ brotny! p amnobenzoate and was
named bronmdase In human blood plasma Wmicrr, Driscort and Bocer
(1924) have descnibed 2 suntlar enzyme which hydrolvzes biocytin and named
1t tentatisely biocytinase A bactenal biotiidase has been partly punfied and
characterized from Streptococeus faecalis C10 using biocytn as substrate (hor
vusaLo etal 1963)

In this paper results from a survey of biotmidase activity in human serum
and 1n the serum and tissues of some ammal species are presented with some
properues of the serum biotimdase In biotidinase activity assays biocyun has
been used as substrate

Materzal and Methods

The biotinidase 2ctivity was assayed as follows The sample was meubated with 002
pimoles of biocytin and 40 uymoles of potassium phosphate buffer pH 70 1 a final
volume of 1 0 ml for 30 min 1n 2 waterbath at + 30 C The reacuon was termnated
I smmemng the tube 1n a boiling waterbath for 2 min The coagulated protemn was
remosed by ton and the was assayed for free bioun

Fhe free biotin was determined mucrobiologically using as the test organism Lacfe
barillus arabinosus 17 3 whuch does not respond to biocytin The assay was run essential
1y after the procedure of W RiGHT 2nd Skzocs (194) Difco Pacto-\ieromnoculum Broth
and Difeo Biottn Assay Medium were used for the preparauon of inoculum and as the
assay medm respretnely The tubes were mcubated at — 30 C for 36—10 houns
and the growth of the cells was $1n 2 Klett colorimeter using the
red filter Standard assavs were made with arvitaline D brotin

One umt of biounidase actiaty s defined as the amount of enzyme which liberates
1 myrmole of bioun per minute under the above condions The speafic actis sty 15 ex
pressed as units per g of protan

The expenimental ammals were adult rats, rabbits and gunea pigs of both sexes
from the laboratons stock. The Iiver and a prece of intesune were remos ed immediately
after kulling the animal and cooled on 1ce The intestine was opened and gently flumted
with 1ce~cold buffer [he ussues were homogeruzed with 9 volames of reecold 000 N\
potasuum phocphate buffer pH 7 0 1n 2 Potter Elvehjem type glass homogenizer The
resulung preparations were immedzately assaved for bioumdase activity as deseribed
abeve

‘The human serum samples were obtained from healthv donors and assayed 1m
mediatel

“The protein content of the ussue and sera was d d bry the method
of Lowry ¢f el {1931, using punfied human albumn as a standard

‘The zone cl~ctrophoresis of scrum was carmied out using arectaneular Perspex through

packed with polyviny! chlonde reun (Geon 426 G F Goodnich Co ) moutened with
barbial buffer pH 8 6 jonic srength 005 as desenibed earher (Rorvesaso and Tispa
19.8% The ume of clrcuophores was 48 houry, a voltage of 400 V and a current of
10 mA were used per bluck. After the run the resin block was cut 1n 06 em fracuoms
and each fracton way devided 110 two parts from which the enzyme acuvity and the
proten content sepecuvely were determuned  The protein content of the fractions was
determined by the method of htsret and Trssures (191) after eluon by shakg for
30 gmun with 3ml of 01 N\ NaOH The cnzyme activity was eluted by shakung for 30
min with 0 5 M potasssum phosphate buffer pH 70
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Table I Bretmmdase actiesfy of human and some onmal 5270

The actvitaes are expressed as mgeles of bty hberated per munnte aned wwf of sevuman
the standard assay condittons. The resulls are mean valves of sndependent absercationt &
5, D (Range within brackets)

No of Botin dase actvity
whservations | mgasolesfmunfel

Human @ w 377 L0 (360 -7W)
Rat terum 18 563 2110 (357 ~868)
Guinea pig som 12 0583 & 0253 (01671 190)
Rabhit scrum 19 PEAL 000 (0007-0057)

Table 3 Butmidae actiedy of bizer and intestine homogenales of some anuma? spect 5

The actoties are expresed both ae mismoles of buvuin hibevated per munute and gram of
fresh tusue and as mgmoles of brotim hiberated per nunute and gram of protew The stand
ard conditzons were wsed m the assays The results are mean valuss of ipdependent ohser
vacons = 5 T {Range withun brackels}

Tisswe Do of oh- | Biotinwlase achwity
sevvat
oms mpmalesfmunfg mpzeoales frunlg
of frech tassue of protan

Rat ver 12 413 = 083 (287 —-847) }207%L43 (130277}
Gunea pigl ver w0 183 £ 053 (87 -7 80417 (60-313)
Rabbit hver & Y10 kD53 {083 ~207) 63323 (40~100)
Ratntest o 6 323 =037 (263 —400) [273230 (27-317)
Gunea p g wtnstne 5 Q817 ¢ 0133 (B150~-0462) } 80423 ( 57-110)
Rabd utestine & 0250 & Q107 (015¢-0467) | 3007 (27~ 4]

Biocytn was Jndly supphed by Dr hatd Folkers Merck losttute for Thesapeutic
Reseasch Rahway hew Jersey through the courtesy of Dr Severo Ochoa New Yark
Unsversity The D-bionin wsed a¢ standard was & crysialime preparation obtamned from
Hoffmanz Ls Rocke Isc Nudey New Jersey The oudtare of Lecksbaaliar anebomses
{ATCC L plantarum, Mo 8014) was obtamed from the Amercan Type Culture Gollechon,

Results

A of the b d tnates o human at guanez pig and
¥abln sera 15 presented 1 Table T The actuaty i the human sera was farly
coustant and o sex hnked differences could be observed The values obtaned
with rat sera wese of the samve magnitude as the valuss for human sera In
gunen g era however the activity Was only 10 per cent and in rabhut sera
I per cent of that foond m the human and rac sera
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Table Il Effect of some wnhibetors and actrvalors on the botidase activity of 1ot and human serum
‘The biotimdase actity 15 expressed 23 mygimoles of biotin liberated in 30 mun in the usual
assay conditions. The amount of serum was 001 ml The cffect of additions on the growth
of L. orabnosus was checked with the usc of umincubated blanks,

Adduons Diotiudase | Per cent
actvity of contrals
mpimoles/

30 mun
Rat serum None 184 100

Ethylencdiamine tctraacctate 10— M 184 100

Cyamde 102\ 195 106

-Chloromercunibenzoate 1074 M 007 4

#-Chloromercunibenzoate 1078 AL 163 89

p-Chloromercunbenzoate 1077 M 190 103

Glutatluone 6 102 M 243 137

Monotodoacetate 10-2 M 116 63

Arscute 1072 M 066 6

Human serum. None 176 100

Glutathione 1073 M 206 n7

Glutathione 3 10~% M 215 122

# Chloromercunbenzoate 1074 N 007 4

» Chloromercunbenzoate 18- M 047 27

p-Chleromercunbenzoate 1077 M 169 96

A considerable biotimdase activity was also found m homogenates of rat
liver and intestine as can be seen from Table II When homogenates of guinea
pig and rabbit Iner and 1ntestine were 1ncubated with biocytin some release
of free biotin was regularly noted although the rate was markedly lower than
wath rat tssues The actvitics are given 1n Table II both per gram of fresh
tissue and per gram of protein

A range of known enzyme inhibitors and acuvators has been tested for an
effect on bioumdase activity 1 human ind rat sera (Table IT1) The possible
effect of these ds on the resp of L b 10 biotin was akso
checked wath the use of non mcubated controls p Chloromercunbenzoate i
hibuts strongly monoiodoacetate and arsenite inlubit also but Jess markedfy
Ethylenediamune tetra acetate and cyimde had no effect The addion of re
duced glutathione shightly stmulated the biotintdase acuvity

The apparent Michaels constants (R} for brocytin has been deteemned
with rat and human serum as sources of L dase The results obtasned by
plotting the reciproeal of the veloeity of biotin hiberation aganst the recsprocal
of the biocyun concentration (LINEWEAVER and Burw 1931) gave b, values
(at30 ) of5 10 Nfand2 10-4 M for rat and human serum respectively
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Fig 1 Zone cleatraphorens of human serum s a polyvsnyt chiorde block, wath biotsmidas.
ackvity and grolein 3SRAYE v biotmudase actanity -~~~ proten Place of applica
o marked with arrow

Human serum was also subjected to zone eleetrophoresss in polyvany L chlonde
resn (Geon 426) blotks and 1z addilion to protem the bustinidase actty oE
the fractians was 4 One typreal el k <UNE 1§ P
w Fig 1 The brotandase actvaty moved as a single symmetvical pcak and bad
shghtly fower mobdity at pH 8 ¢ than secum albumn

Disenssion

The brkage betveen iotin and fysne i biotyrn 15 very remssant ta pro-
teolytic and hydrolytic enzymes Tt 1s unaffected by ¢ g pepun trypstn papain
takaduastase pohdase and myfase (\Wiowt etaf 1950 1952) Strepramyces gnseus
protease winch sphts almost ali peptide hondy i protens and peptdes (Mo
uOTe Narantasit and Vorakaws (950 2 by does ot attack bioeytin (hosow
and Lawne 1962} Pam o of (1957) hane desenbed the presence of an z fysine
acyiase wn rat tissues which 15 disunct fram the reaal o acylase and hydrolyzes
several ¢ acylated Lelysine denvatives but not biseytin ¢ lysine acylases have
been desmbed abo wn batternia {(Waps 1959 Crmpata Ismana and Tosa
3962} but there 15 no infarmation on thesr effects on huycytm  The bactenal
Inottdase from S fuecohs (homvusara ef ol 1963) does not hydrolyze € aceryl
Llysive and thuy daffers from the £ acylases
2633015 Acts phymol scand §of 58
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The present results corroborate the finding by Wricwr etal (1954) that
human blood contams an enzyme in considerable quanuty that 1s actine
hydrolyzing biocytin The biotimdase activity i rat serum was of the sme
magmtude as i human serum, but in guinea pig and rabbit sera there was
only one tenth and one hundredth respectively of the activaty m human seeum
Simular although less marked differences were found in the biotimdase actinaties
of rat, rabbit and gwinea pig tissues Laver and ntestinal tissues were selected
for the comparison because 1n 2 prelumunary survey (RorvusiLo et al 1963)
they had shown high biotimdase actiity 1n rat The activating effect of sul
phydryl compounds on the serum biotinidase activity was not as marhked n
the present expeniments as m those of WRIGHT ¢t af (1954) The addition of
reduced glutathione gave only a shght activation p chloromercunbenzoate
1odoacetate and arsenite were, however mhibitory Tt scems very likely that
the serum brotimdase activity 1s due to the presence of one single enzyme be
cause the activity moves as a single symmetrical peak in zonce electrophoresis
Further charactenization of the ammal hiotimdase cannot however, be made
before punfication and studies on the substrate specificsty

This study has been supported by granis from the Signid Jusélus Stfielse and the Finnsh
State Commussion for Medical Science
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Abstract

Aoray \ C and B Wasteruownt Tke wnffuence of geserpine on 5-
kydrasytoptarune and bustarnune content of ral wast cells and of some
tat tumes Acta plysiol scand 1963 5§ 20~-29 — Reserpine
was shown to release newther § HT nor huzamme from r:!l perttoneal
mast cells i crtre In bua reserpine caused a of the
number of mast cells in peritoneal flud A reduction of the eellular
content of 5 HT was alo observed [eritonral mast cells obtatned
from reserpine treated  rats responded normally to compound
4880 Reserpiaszation of the rats caused rrduction of 5 HT
bramm but not in skin sleum ducdenum  pylorus or fundus
Histamine 1 as reduced to 33 per cent of control value i small
mtesune while no decrease was obsenved 1 mifro About 90 per cent
of the rais showed ulcerations in the antral mucosa Pretreatment of
the rats with d 48/80 caused ditapg of all mast cells
and of 5 HT and hastamine from penitones! fluid The results sndicate
that reserpne has na effect on mast cells ¢ citrs and only orghgible
effects i vieo. They abo indicate that seserpine depletes the mtertine
of hustamine whath 15 of non mast ceff ongn

It 1s well known that reserpine releases 5 hydroxymryptamme (o HT) from
vanous 5 HT nch ussues such as rabiut intestine and brawn (PLETSCHER
Srore. and Bropie 1955 Bropie Prerscier and Stogrg 1925) rabln phatelets
{Swrore ¢ of 1926) and rat serum spleen and brun (Erspaser 1996}

\ Sensor Research Fellow of U S. Public Health Servce (SF £9) Present address Dept o
Pharmacalogy Emory Univeruty Atlanta 22 Georga L S A
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1a the rat mast celly contamn 5 HT (Beswrre ot of 1903} hut there 1s no
cvidence that reserpine releases o HT from them Thus Brartaciarva and
Lrwss (1956) found no release of 5 HT or b from rat hndip
perfused with reserpime Mar did reserpine seem to disrupt the mast cells w the
skin an obsersation which was confirmed by Parrart and Wast (1927) and
by Frore-Dosatt and Movtas (19603 18 was also shovn by Cass Marsuary
and Ruxy {1928) that the o HT content of mast cells s mouse and rat bones
did net change after Teserpine treatment

Since none of these mvestigators stuched the effect of reserprae on ssolated
soast cells we found a1 of value to 1mvestgate the mfuence of reserpine on mast
cells 1n rat peritoneal find At the same ume the wfluence of reserpme on the
5 HT and histarne content of some rat ussues was studied and the results

d with those ob d with compound 48/80

Methods

“Male altnno rats of the Wistar strain weghmg 200400 g were used The {ollowing
types of expeniments wexe performed

Inesbation experiments

Incubation of vat peronzel cells Rat pertaneal cells were obtamed according to the
raethod of Moran Uvwas and Westernoiy (1962) and the number of mast cefls wasg
esunated according 10 Beay and VanArsoen (3961) The cell suspepvidns contamed
310 per cent mast celly

The calls were suspended 10 2 solution congmnmg NaCl 154 X 10-M BCU
27 X 30N CaCly 9 % 10N 50 per cem Sorensen phosphate bufer N\aHFO,
2 B0 3 x 10-7\M and RH,PO, 33 x 10-1\) pH 70 dextrose 56 x 10-\Land
semum albumun 1 oy per atl In some expenments cells fror several anumals were
pocled The cell suspension was divaded mio 2 o parbions which were meubated 3t
37 C with seserpme or compound 43/ After the wncubation the samplés v rre centrt
fuged a1 400 X g for 3 mun and the $ HT and § cantem of the sup
and the ¢ell renidue was deternusaed

Tuvbation of yat mtzstine Yhe smalt imestine from rars starved for 24 hours was removed
and cut snto thin preces which were carefully maked The tssue was doaded o 05 ¢
portons which were mcubated at 37 G i the medwm mentwoned above contagung
vanaus concentrations of reserpue  Afler mcubaven the 5 HT and histammine conterd
of the medsum was determuned The tissue was ¥ d varh sand and 4
with 01 N HOL for 5-HT and hutanune assay

Expersments with reserpom ed vols

The rats were myected subcouzneously with yeserprae 5 ms kg Contol mis were
wgeered with physiological salne  Afier 24 hours the rats were anacsthenzed with
ethier and lulled by ruwangumaton The pertgneal cells were Temoved counted and
wcubated a3 m the txpenments dustribed above 3 piece of abdomsnal slon lewm,
Sundenum pylorur fundus and bra were taken out + eighed and homogeruzed with
sand 10 0 1 NHC for 5-HT and hastamme extrachion
Experiments wuth 28 Bivireated rats

The rats were wgected subcusaneousts with compeund 48,80 for 3 days begnmng
#ath 100 yy and meveasng bv 100 1g per dan up (o 300 28 Conuol rats were injected
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Table 1 Influence of reserpine phosphate and compound 48180 on 5 HT and histamine release
Sromt sat pertoneal cells Cells pooled from 5 ammals Insubstion time 5 hours Meen ralues
of duphcate samples

Relrasing agent Per cent release Amount of amines (ug)
1n cell fraction after
incubation

SHT | Hstumne |5HT | Histamime

Control 12 18 272 302

Reserpine phosphate

2.5 pg/ml 12 19 2.38 g

25 pig/ml 5 15 2.56 282

250 ugiml 8 24 251 294
Compound 48/80

25 pgiml ) 66 091 92

with physiological saline On the sixth day the rats were killed and the cells and tssues
were prepared in the same way as those of reserpinized rats

Determunation of 5-HT and histamine

5-HT n ccll suspensions and tisues was d d sy
according to Locoavski et af (19.6)

Histamne was assayed on the atropinized (atropme sulfate 1 5 - 10~9\) guinea pig
drum. Specificity was demonstrated by mepyramine block (5 > 10-7M)

All 5-HT and histamune values are given as the base

Further details 1n the experimenta) procedures will be described in results

hotofl:

: ally

Materals

Reserpine phosphate was kindls supphied by Dr Atzear] Prossirr CIBA Fharma
ceutical Troducts Tnc Summie N J U S A It wis used 1n an aqueous solution and
no organic sohvents were emploved

Compound 48 80 was prepared according 10 the method described by Barzzry
etal (1943

Human srrum albumin was generowsly supplied by Dr Hewstrow hapt AD
Strangnas Sweden

Other substances used were obtained from standard commercial sources

Results

Incubation of rat pesitonzal eells wrth reserpine

Release of nerther 5 HT nor | could be d d from rat
penitoncal cells when incubated with reserpme phosphate 2 5—2,0 pa/m!
up to 5 hours Nor was there anv reduction of the ammne content of the celly

(Table I}
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Takle Ua Number of mast cells m vat perstonéal fand and 5 HT and hastamize tonend per
rullion mast ¢ells 12 cantrol and vewrpume ireated (Smglhg) rass Values given as means and
standard errory Figures witkun brockets demole ramber of ommals vsed

Mo of mast cells | SHT Hastamne
£igf10® mast cells | ptg/10° mast cells
Contro} ran 678000 & 25000 159 £ 019 393 £ 36
(<] (42} £47)
Reserpine treated rats 425000 £ 33000 104 £013 30829
(41} @) {47}
<{0.36 ~333)
[$1]

P < 8001 compared wih cantrals
<005 compared v th controls

Table U Number of mast cells 1 ut peratooeal find and 5 HT and hutamms content per
msltion mast cells sn control stanied and dehyd ated and reserprnn.od (5 mefky) rats ¥ alues
&t on a3 muzans and standard errars Figures unthan brackets denote pumber of animals wsed

No of masteells | 5 HT Hastagune
HES10% mast cells § g/ 10* mast cells

Caonral cats 642000 & 36000 107 2037 389116

(10) ) {10}
<038 (3}

Suarved and dehydrated rats £87 000 L 64000 093 L 003 637 £ 140
{10 (10) {10)

Reserpne treated rats 393000 = 71000 124 (1) 386 62
{18} (1)

<(017 078}
9}

P < 8 compared with controls

Table He Number of mast cells n rat perstancel fiurd and 5 HT and hstamine content ger
million snast eclls  conlrol and 4880 trected rats $alues gien as means and standard
ermors Figures within brackets denote rumber of anumals wsed

Mo ofmasteells § § HT Hustam ne
#2190 mass cells | pR/10% mast colly

Control rats 607 000 & 46 000 108 £ 034 319447
8} (B} B
Rat yreated with compound] ™one faund

“one detectable
43/80 )

{3
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Ta3le 11l Irfience of e enps -trea vunt (§me kg}on 5 HT end Fritarane cortent of eat sbur,
wrbar bradkris droste romber of grame 5 wied

Sk Yiam Doodrtm
SUT Hutzeune | »HT Hisamae | »HT
By Hzz e #3g #3'e
Contr A rars 113028 | 3964520 o5 ) M3 o161 05t
f14, (4) 128y 22y [&)]
o
)
Forpor wratedeas {023 -010] 3 243{26~0.7] 500530102
{14) (%) (23, {7} (31
- 054
2

2 p < DY compared wath ol

Tedle IV Iefiuonce of pretren.ment of vabs urn compourd 4° 20 on 5 HT and ba.omene torutms
army Fippres wvha bredkets doo.e rmber of arumals wsed

Sk Heu Duewemiza
~HT Hiamae | SHT Histaruse | +HT
Hr g Bzg sz g HZE “2'g
onrlras 033008 6218110700 ] 73x18}116=012
8 2 2) [£2) &

Ras noaod wih oome | (.92003] 23-02)1m0u0) 11307 (L34 2007
porasd 47 8 2 g 2 % )

3 p < 00 emmpared wnk o ol

Expenrera ur * repporid res

The reverp re treated rats showed the tvp cal signs of resrprne action ¢ £
Jethary enophthalmus p osis bl sody dizrthea weght ey and inflammavn m
of eve i, ard none Abr ut 99 per ot of the 2mumals had vleeran s 1n the
antral rzuom

Pretreatment of the raw with res~are ramed reducton of the rumber of
smast cells 1n e permonesl fuid w 67 per cent Tabls 2, Tre 3-HT and
Fy amie com ot per onlt s mast cells was reduced v G ard 73 per cert
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teum duoderam fpylorus fundus and braw Values guwen as means and standard errors Frgurer

Duodenum | Pylorus Fundus Bram
Histapuoe | 5-HT Histamne | 5 HT Histamme | 5 HT Histanune
el Hele pele Helg bgle psig Helg
107109 (0804019 116128 [ 0684009 | 5413 {02004} 031006
(&) ) an (N ) [¢3)] )
<041 <032 <003
) 6) )
35305 | 067:017| 97.35|048:008] 4615 | 0092001} 046 2009
[£2)) an (1) G (&) (6} [¢3]
<026 <023 <006 <003
) M ) )

* p < 005 compared wath controls

of rat skin sleum duodemm pylorus fundus and antrum Values gwen as means and standard

Duodenum | Pylorus Fundus Bram
Histanne | 5 HT b 5-HT E SHT 1
pelg pele bgle Halg #ele pele Ll
64305 1244020 26838102032 3410 0202002 0221008
(8) (8) @ 8 ) 8} @)
<026
]
864 18[062.L015) 259144 | 0874£028 | 39403 | 023+00 0354009
8} (8) (8) 8) O] (8) )
<027
)

respectively as compared wath the controls The reduction of histamune how-
ever was not signuficant

Since reserpinized rats lose werght and may be dehydrated a group of starved
rats which bad no water for 24 hours was compared wath the controls (Table
IIb) No difference i cell amount or ammne content per mulhion mast cells nas
observed betneen the two groups

The cell suspenstons from the three groups were incubated with compound
48/80 1 ug/ml a dose which released about 70 per cent of the 5 HT and 80
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per cent of the histamine 1 the cells 1n all three groups thus showing that the
cells in the reserpimzed group responded normally to P 1 48/80
Pretrcatment of the rats with reserptne caused no sigmificant reduction of
the 5 HT content of skin sleum duodenum pylorus or fundus (Table III)
The bramn content of 5 HT decreased to more than 45 per cent of control The
histamine content of skin pylorus fundus and brain was unchanged while 1n
duodenum 1t was reduced to 33 per cent and in 1leum to 35 per cent of control

Incubation experiments itk rat wntestine

Since there was a significant reduction of the histamine content of the small
ntesune following pretreatment with reserpime the mtestine from normal rats
was incubated for 30 and 150 min with 1 and 100 pig reserpine phosphate per
ml to evaluate release m ztro No sigmficant 5 HT or hustamine release was
observed following this treatment Nor was there any reduction of the amine
content of the mtestne

LLxperyments uth 48/80 treated rats

Pretreatment of the rats with compound 48/80 caused disappearance of all
the mast cells in the perttoneal flutd Other cells such as leucocytes lymphocytes
and red cells occurred 1n a larger amount than 1n the controls Neither 5 HT
nor hstimine could be demonstrated 1n the pertoncal flud (Table 1lc)

The 5 HT content was unchanged in skin 1lewm duodenum fundus and
braim wlule in pylorus a reduction to 50 per cent was demonstrated (Table ¥V)
Histamine was reduced to 34 per cent in skin No reduction was seen in other
tissties

Discussion

The 1nability of reserpine to induce release of 5 HT and histamine from rat
peritoneal mast cells 1 2atro supports the observation of BuaTraciaryA and
Lrws (1936) that admunstration of reserpine to the perfused hindquarters
of the rat releases nesther of the amines Since 1n both of these preparations
compound 48/80 evokes a release of both substinces the conelusion seems
apparent that rescrpine Jacks a speaific amne relexsing achon on mast cells
In further agreement are the observations of Biratract arva and Lrwis that
pretreatment with reserpine causes no degrinulation of mast cells n the
sube ussue of y of rats Similar observations en the lack of
effect of reserpine on skin mast cells were subsequently made by PARRATT and
West (1927) 1nd Fiore Donatr and Moutae (1960)

Whether reserpine influences mast cells i 120 18 uncertaun. Our results show
that pretreatment of rats with reserpine reduces the number of cells in pentoneal
flud as well as the cellular content of 5 HT but does not alter the alulity
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of compound 48/80 to induce releae of the amnes These effects may be
secondary to changes m the state of the ammals produced by reserpine The
fatlure of depmyation of water and food to alter the mast cells argues agaunst
dehydration as a cause However the effects of large doses of reserpine are
probably more drastic than fastng and witholdmg water

In contrast to the effect of reserptne on mast cell 1s that on platelets Reserpme
mduces release of 5 HT from platelets w atro (Carzsson Srore and Broom
1957) but not of lustamine (BurrEALTER, Comn and Storg 1960) Compound
48/80 on the other hand, causes no release of 5-HT from platelets 1 rifro
{Gartsson et al 1927) The releasc of 5-HT from platelets 1 2o 15 a slow
process of zero order hnetics with no accompanying disruption of the cells
{Carsson et o 1957) mn contrast to the  explosne  48/80-mduced release of
both 5-HT and histamine from mast cells We know of no data on 48/60-
nduced hustarmpe release from platelets

According to the work of Brarracrarya and LEwss (1926) pretreatment of a
rat with reserpine alters the response to 48/80 1n the perfused hindquarters
such that bistamine 15 still released but the amount of 5-HT released 15 greatly
reduced compared with normal rats Thus action may be related to our observa
ton that reserpine admimstration to Livang rats reduces the number of mast
celly mn the pertoneal flmd and the cellular content of 5 HT Howeuer
1t does ot cast am Light on the difference 1n action between 1 ~ro and t» riiro
conditions

These results pomt to the conclusion thar whatever effects reserpine has on
mast cells these effects are of small magnrtude 1 contrast to the effect of com
pound 48/80 on mast cells

Ous finding of a selectne red of h

w the and
tleum (and possibly 1n the pylone part of the stomach) followmg treatment of
rats with high doses of reserpine 15 of mterest 1n relauonship to the genesis of
the peptic ulcers produced bv reserpme and to the findmgs of \MotTA ef al

(1936) Regarding the latter \loTa et al treated rats with daly 1ngections of
48/80 and then measured the content of histamme and the relatn e number of
mast cells 1n vanous tissues They found the greatest deplenon of histamme m
those tissues with the highest mast cell populanons such as skin tongue and
esophagus whereas Intle or no depletion of hustamune occursed mn tssues with
few or no mast cells such as gastnc fundus duodenum tleum and rectum

Mot et al suggest that the mabihty of 48;80 to release histamine from tissues
poor 1n mast cells 1s due to this huistamine bemng of non mast cell ongn The
selective depl of b by reserpine in these tssues which are refractory

0 48/80 gives added support to thus coneept

The ulceration of the antral region of the stomach of rats dunng treatment
with reserpine has been observed by others (Havereacs and Bocpaxskr 1957
hevRanes  hatuouarr and Grévroos 1957 Brackman Caeion and
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Fastier 1958) The relauonship of thus to the depletion of histarmine found
1 the duodenum and ileum 1s howerer, not clear

‘The absence of an effect of reserpmne on 15 HT 15 1n
u-uh the finding of Erspaxer (1996) that only a small part of intestnal 5 HT

d following of rats with reserpine Sawvar and Wrsr

(1038) on the other hand reported depletton of rat intestine 5 HT by pre
treatment with reserpine These authors howeter, give no values for the 5 HT
content of the tissue Other workers (PLETSCHER et al 1925, W aarxes Conomy
and Terry 1959) demonstrated a reduction of intestinal 5 HT 1n rabbits
using doses of reserpine of the same order as we used It 15 possible that the
rabbit 15 more censitive to reserpine than the rar

It s concluded that reserpine and compound 48/80 cause the release of 5-HT'
and histarmine from cellular stores but under different condrtions and from
different cells Compound 48,80 acts rapidly both 1 riro and e t1tre on mast
cells but presumably not on other cells causing release of both 5 HT and
Iustamane and distuption of the cell Reserpine has no effect on mast eclls 1
nutre and shight if any cffect on these cells @ 2o Howerer reserpine effects a
slow release of 3-HT from platelets and a slow depletion of hitamine from the
intesune and of 5-HT from such tissues as brain and skin ‘The charactenstics
of the amune release mnduced by these two agents have hetle in commaon to
suggest a smular mechamsm of action

Finanaal support for this mvestigaton from Grant no A 4063 P L. T from Tar Pueuc
Hearrs Sereace, U S Al s gratefully acknowledged.
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Effects of ACTH on Erythroposes:s 1n the Rabbt
B

S HaryORSEN
Recened 9 October 1962

Abstract

Harsorses S Effects of ACTH on eppthroporens 1n the rabbit Acta
phvsiol. scand. 1963 32 30—39 -— Hvpothalamic stumulation
mereases ervthropolesis 1 mtact rabbits (Serr 2 2/ 19%1) In order to
commpare the effect of hvpothulamic shmulation on erythropoiests
with the effect of ACTH, daihv ACTH :njections have been giien
to 1atact rabburs and the ch.nges wn erythropoies:s ha e been followed
with the same parameters as 1n the previous study ACTH m
Jeenons for 2 and 4 weels increased the red cell mass 11.2 and 277
per cent, and the red cell moss per kg body werght 6 3 and 23.3 per
cent, respectniedy The revculoevier ncreased shightly  but sigmf
cantly These findings confirm previous observations i other speacs
that ACTH stmulates ervihroposests m 1ntact anumals The hema
tological chanzes seen in the ACTH 1n)ected rabbits did not correspond
quantitatrieh to the changes seen foll YP
It 15 concluded that the previoush reported effect of hypothalamie
sumulation on ervthroporesss 1s not duc 1o mcreased ACTH produc
ton alone,

In a previous paper SERP ef ¢f {196]1) have presented data showing that
electncal 1 of the hypothal. region 1 ythrop mnthe
rabbit. Based on data obtained 1 the same ammals Harvorsea (1961) sug
gested that the effect of hyp i} i} on erythrop was
mediated through humoral agents and not through a direct nenous mfluence
on the bone marrow The nature of the humoral agents cannot be stated with
certainny but as ponted out previously (Hattorses 1061) they are probably
speafic erythroposesis snmulating factors (ESF) The exact mechanism by
which an mereased ESF production mav be ehated by electmncal sumulanon
of the hvpothalamie region ss not known. There are two mamn possibilities
esther 2 divect 1nfluence via the neri ous system to the erythropoictin produang

30
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organs or an indirect effect via ACTH or other hormenes of the prtmtary
land

¢ The question then arises whether the increase in retseulocytes sed cell mass
(RCM) and ESF by hypothalamie stimulation can be explamed by an wncrease
1 ACTH productton alone 1f this 15 the case one would expect the same
hematologeal changes as reported by Szre of ol (1961) and Hay orsex (1861}
by datly AGTH mjections for a sumilar perod of tsime (2 weels) It 1 the
purpose of the present expenments to determune the effect of dady mngectsons
of ACTH on erythropotests i rabbits

It has been d d that i of the hypothal the
ACTH production {Masow 1958} A similar but less marked increase hasheen
found foliowsng sumulation of certan areas of the cerebral cortex and the
amygdala (SETEKLER Sthavc and haass 1961) Hypothalamic lesions
the median esunence and m the postoptc area abobish the imcrease 3n plasma
ACTH and 17 hyd ticosterend i from surgical trauma

{Howme 1958)
The ACTH and the adrenal d prodi has probably been
sncreawed n the rabluts receiving electrical it of the hypothal,

{Sere et ol 1961} Judged on indisect evidence such as white blood cell and
differential counts no such merease could be demonstrated Howerer as these
sndirect evidences are unrebable and have only Limited value one must assume
that the stimulated rabbuts were snft 3 by 4 of ACTH

Previous ree have d d that ACTH in large doses
creases erythropowesis i stact mice and rats Wiurs and Dousrerry (1945)
observed an 1crease 1 hemoglobin erythracytes and specific gravity of whole
blood following ACTH admnisiration to muce for 15 days On the other hand
Gangia et af (191) found nio obvious increase in red cell volume afier 3% days
of ACTH adsunistranon but & sigmficant snerease after 116 days in normal
ats Although 1t has been postulated 1hat the ACTH preparations have con
tauned a separate eryth h (CoxTororros ¢ of
1933} studies s the same laboramncs have recently shown that the effects of
ACTH are abolished in adrenalectonuzed anumals (Evans, Rosewnere and
Soersos 1963) Thus the effect of AUTH 15 most likely mediated thraugh the
adrenal corticosterords Cortisone and hyd mcrease erythrop
m antact tats (Fusuer 1958) aud normalbze the anemua . hypophysectorazed
rats {Exans et al 1961) The effect of the corncosteronds parallel the mncresse
10 the metabolic rate of the ammals (ExAns et af 196%)

In contrast to Esans o af (1961} Fruruan and Gomoov {1936) and
Memene and Crarrs (1957) did not find that adrenal sterods completely
corrected the post hypophysectorny anemia The discrepancy between these
Tesults may be due to differences 1n preparanons and dosage

Some authors (Exass et of 1961} beheve that the wfluence of ACTH and

adrenal cor on erythrop = of dary nature due to their
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calongeruc effect Oswes {1960} on the other hand, mantams that ACTH
sumulates the praduction of an erythropoietic kidney factor and this theory
has been supported by the findings of Siurascra {1961)
The growth hormone {Frumian and Goroos 1936, thyroun (Evass o o
1961) and testostcrone (hewwEDY and GperTsEn 1907, REMMELE of of 1961}
larly have a lating eflect on erythrof but the relatn & importance
of the vanious hormones rematns unknown The problem of the endocnne
control of erythropoiesis has been reviened by Crarrs and Meovexe {1927}
Goroon (1939) and Lrvas and Berymea (1960} and will not be further dis-
cussed 1n this connecuon

Mater:al and Methods

Eleven smale rabbuts has ¢ been syected dady with ACTH. Sexcn of the rabbus were
snjected 14 days and four 2B dayy In two of the latter arumnals RCAL was also determuned
after 34 days of ACTH imjecions and the observations on the first 2 week penod 2
presented together with the results on the seven rabbuts mjected 14 days making the
number i thas group mne Two ACTH preparatons have been used, Jaton prolos
gatum® has been gnen m doses of 4 and 101 U fkg body weight/day and Achtargel’sa
doses of 4 1 U fkz body waght/day

Eight mal~ cabbsts have served as controls Except for the ACTH mjections the diet,
the ammals daily actvitics and the expenments have bren the same Control rabbuts
no 1and 2 were follaned for two weeks 1o 3 and 4 for four weeksandnno 5 6 7 and
8 the RO\ was determined after o and four neeks Thus the control group connsts
of 10 obrervations on the hematlogcal changes dunng a perod of twaweekiand 6
obseriations on the changes dunng four weeks

In both groups RCM b fotin b eyth
counts and reticulocvies were determincd at the outset of each observation penod 2ad
the same 1 c3ugaons nere repeated at the end of cach penad The renculocytes nere
counted tho to three times weekhy dunng the Bleod for erythrop
determations was withdrawn theee to fve bours followsng the tast ACTH injecuon 12
5 rabbiy

g

erythrocytes, I ytes and d& 1 counts were performed by the
sarse routne methods asin the previous snvesuigations (Sew ef of $96); Hematoont was
detrrmuned using capillars tubes run 12 2 Lyjungberg mucrohematoans centnfuge. Th”
hematocnt had to be determuned for the RCM analvsis and the mean of the values
exprosses the hematocnt at cach tme

Red cell mass /ROM) was determmed by the Cr*! method as descnbed by Sew ef ol
{1981} with some modificavons In 0 of the rabbits two blood samples were taken
before the 1y ction of the tagges enythrocytes f RCM bad previoushy bren determied
3n the same amimal, and three samples after the myrchon. With thy modification 353
othrr 4 double descrmunations were done. The greatest differente between the tWO
salues was 36 pey cont of the imnal value

The retsculocvies were counted unng the bnihant cens blue method (Sere 193
Fhe thomand ervtbrocvees were counted. The erythropoeun determunations were
petformed with stan ~t mxce and wtact mice as described v Hlarvorsen (1961}

Jaton prolongatum Apot kernes Laboratwnum, Odo “Norway
Achtar g1, The Arm ur Laboratones London, England.
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Toble I RCAL RCAM{kg body weight and hematoorst before and after a 2 weck perad of daly
ACTH wyestions 41U Jhg bady weaght

AUTH trested group, Two woeks.

Rabtss | RCM {mi) RCAJkg (mb) Hematocrt
e Before After Before Afer Before Afeer
acr (o lacm jactk {wwtH | acme
1 328 84 1654 166 0 333
2 37 514 203 w02 435 471
N 132 82 11 13 380 35
5 42,7 466 173 187 3re 382
[ 467 567 150 168 30 3t0
7 (A3 6% W1 W4 370 373
2 40 53 147 172 3Ls 330
iZa 13 152 174 198 328 386
13a 618 672 173 77 33 73

Tuble I} RCAT RCAf{kg body uerght and kematocrit de.rmunations 1 contral vabbets porformed
ex3sk on wferel of two weeks

Conrol group, Two weeks,

Rabbat | RCM (sl) RCM/kg {ral) Hematocrat

e Belore | Afier Bafore Afer Before Afier
1 65 585 res 1t e 337
2 &02 99 e 145 100 2
5a 35 99 208 207 438 59
5h 90 359 207 178 369 322
6a 532 504 188 1o 48 376
3% 503 50 1o 137 7y 353
7a 03 494 158 17 37 30
8 s34 ste 174 2 e R
82 198 590 i3 156 33 383
B 530 626 165 157 28 03

Resnlts

In the beginnung of the experumants the mean ROV and ROV kg body
weight in the ACTH weated group (2 weeks) were 31 3 mi and 17 4 ml
respectinely and 1n the controls 33 1 ml and 16 9 mt The mean renculocyte
~vatues i the ACTH treated group were 2 82 per cent and m the controls 2 76
per cent The two groups are thus well comparable with regard to the mam
parameters at the start of the stuches

Table § shows the RCAM and hematoorit values i the rabbyts befare and
after a 2 week perod of daly ACTH ingections The ROV kg bods weisht i
323815 Acta phy ol scand ¥ ol 58
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Table Il RCM RCMJkg body waight and hematocrit before and after a 4 week pernod wnth
darly ACTH wmyections

ACTH treated group Four weeks.

Rabbit | RCM {ml) ROM/kg {ml) Hematocr:t
ne Befare After Before After Before After
ACTH ACTH ACTH ACTH ACTH ACTH
10 445 602 169 22 315 330
11 811 1070 219 25 380 385
12 638 841 174 224 359 394
13 618 728 173 202 353 373

Table IV RCM RCM|kg body weight and hematocnit delermnations in control rabbats performed
with an wterval of four weeks

Control group Four weeks.

Rabbt | ROM (ml) RCAL/kg (mD) Hematoent

e Before After Before After Before After
3 562 638 186 174 350 359
4 456 618 152 173 323 353
5 435 559 209 199 438 352
6 632 570 18 137 13 363
7 403 519 158 173 337 371
8 498 636 151 167 333 403

calculated and tabulated Table ¥ shows the same studies in the intact, un
treated rabbits performed with 2 weeks interval Table V summarizes the
results of the mvesugations showing the mean of the differences between the
post and pre treatment values and the differences between the mean changes
1n the ACTH and the control groups

Treatment with ACTH for two weeks increased total red cell mass 55 ml
compared o an increase of 1 8 mlin the controls The differcnce between the
two groups 1s insigmficant The RCM/kg body weight mereased 1 1 ml m the
ACTH treated group and decreased 0 4 ml m the contvols The difference be
tween the two groups 15 sigmficant with a p value approumating 005 The
hematocrit hemoglobin and erythrocytes did not show sigmficant changes

Table III mves the values of RCM RCM/kg body weight and hematocnt
1n four rabbuts recening ACTH for 4 weeks and Table IV shows the same
studies 1n six control rabhits performed with 4 weebs interval The results of
these 1nvestigations are suramarized m Table V
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Fig 1 Man of reuculocyte pereeatages at daffevent fures for
2) 9 rabhus receving ACTH for £ weeks

ACTH for § weels

<} 8 contro} rabibats Toltowed for 2 weeks

b; 4 fabbus rectvnng
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After 4 weeks of ACTH rqgections thete was a marked werease i total ved
«ell mass and RCVEEg body weight 165 mi and 42 ml respectnely In the
controls the corresponding figures weve 84 mi and 0 4 ml The ncrease i
RCMjks body weight was sigmboant compared wath the consrols (p approu
maung 80>) The hematoort hemoglobw and erythrotytes increased 94
83 and 93 per cent of the muttal salues in the ACTR weated group but the

Tabte b Nzon of the differences beineen the post  and pre Sreahnent taluss {285 B ) The
chan e 11 per eent of the wnitial talug 1s expresied  The difforencer of the meany betuoeen the

ACTH treaud and the eontrol geowps ore tabulated an the therd colymn

Parameter 2 weeks 4 wetks
ACUTH Cortrol ACTH | ACTH Consrol ACTH
9} a0 contral | (£) %) conteat
RCM mil $5%15 13£22 31 170 128 84 x4t 86
12 33 277 %s
ROM{kg mi 1202 ) 04305 15 4295 | ~04% 13 ] 46
53 ~2.3 23 -~23
Hematoert D905 09 %1y 18 3r+13 0025 3
M 27 14 a4 an
Hemoglob
R ~0Y¥I203 ) 0D 03| ~0% 09502 00 04 b8
{3 o8 83 an
Expihrocyles,
ol 017102 } D192 03 047403 7 OHE 09 433
32 37 43 3

PROV CO>P>O0 G
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Table VI Reticulocyte respanses in nfact mice followng one wyection of plasma from ACTH
treated rabbuts on day 0

Donos No of | Reticulocytes Meandiff £5E
a;
mee | p [i5ar (4th day—D daxy)
ACTH 5 6 288 373 247 | 0851046
ACTH 10 7 360 483 ~ |+IBzon
ACTH 11 5 421 317 196 | —108£045

Table VII FeS per cent in the epythrocytes of stared mice impected
werth plasma (0 4 ml % 2) from ACTH treated rabbits and
control rabbuts

Donor No ofmice | Fe  uptake | DuT of the
Mean £ SE | means

ACTH 11 4 264+ 41 -39
Control 4 303457

ACTH 12 3 287497 +32
Contro} 3 255421

ACTH 13 3 337+18 +43
Control 3 294427

1differences between the values 1n this group and 1n the control group are it
significant

Fig 1 shows mean of the reticulocyte values For each rabbit recerving ACTH
for 2 weeks and for each control rabbit a strarght hine was fitted to the reticulo
cyte percentages The number of observations per rabbt varied from four o
seven The regression hines for the 9 ACTH rabbts did not vary sigmificantly
among themselves and the same held true for the 8 regression lines for the
controls A common regresston coeflicient for the ACTH rabbuts was estrmated
25 0 55 per cent per day and for the controls as — 0 88 per cent per day These
coeffictents differ significantly (0 005 > P > 0001)

Table VI gives the results of the erythropoetin determination using ntact
mice as reciprents and i Table VII are reported the results with starved mce
In the intact mice assays plasma from ACTH njected rabbits no 5 and 10
ncreased the reticulocytes shightly but insigmificantly The reticulocyte valucs
showed @ muld decrease m the group of muce recerving plasma from ACTH
1njected rabbit no 11 In the starved mice assays plasma from ACTH njected
rabbit no 11 did not cause any ncrease in Fe®® erythrocyte uptake while
plasma from no 12 and 13 increased the iron uptake shightly but msxgmﬁcnmb’
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Comments

The present study confirms that ACTH may haxe a stimulating effect on
erythropoiess It has been shown that dasly ACTH imections sumulate
erythroposens i 1ntact rabbats as previously shown i mice (M urre and Doven
zry 1945) and rats (Garas efaf 1951) Themcrease in exythroey 1e formanon
1 however shght 1n 3 2 week penod the mean merease 8 RCAf kg bady
weight was 6 3 per cent In the controls the RC\{/kg body weight decreased
23 per cent Following 2 4 week penod of AGTH injections a more marked
merease it RC\{fkg was found 1¢ 42 ml (23 3 per cent) compared with the
decrease of 04 ml (23 per cent) m the conwols

As noted n other species (Garcia et al 1951) the effect of ACTH on erythro-
potenis 35 slow This 1s clearly demonstrated sn the present study by the mild
and gradual merease 1R seticulocytes i the ACTH wyected amumals Thus
type af reticulocyte Tesponse was to be expected when the causative mechanism
15 metabolic changes with slowly increasing oxygen need The reticulocyte
re pouses i the ACTH sngected anunals differ from the responses seen following
hypothalamic sumulation (Serp et of 1961) In some of the latter anumals the
reticudocytes showed abrupt rises i gontrast to the slow xise in the rabbits
receiving ACTH

Mean mcrease 1 toral RCM i the group showmng a positsie response to
hypothalamuc sumulation was 91 ml (16 7 per cent) compared with 52 mi
{112 per cent) following ACTH myjections As the postie vesponse group
reparted 1 the previous study was a selected group a stabwucal analysis would
not be justifiable The ACTH treated ammals gared more wesght than did
the electrically stumulated rabbus Therefore a more smportant comparsan 1s
between the increases 1 RCMfkg body weight In the posuive response
group of the pressous study the mean merease sn RCMjkg was 32 ml (184
per cent) compared with 1Y mi (83 per cent) m the present study  This
fuxther indrcates that the ACTH mjections dunng a 2 week penod did not
bring out the same quanntatie changes as did hypothalarmic stmulatton In
the  negamve tespornse group  the RCAIkg decreased 13 mt and i the

doubtful response group  the RO\ mcreased 1 4 m!

In previous amvestigations on the effects of ACTH and cortcosteroids on
erythropowesis the size of the doses have varied In the study of Evass etal
{(3561) a relationship between the doses used and the ncrease in red cell
volume can be found Increastng doses of hydrocortsane did vot howerer
cause a parallel elevation of red celt volume when the doses were increased
beyond eertamn fevels In the present study the doses used per 100 g body
weight cxn be compared with the doses used by Evans et al (1961) to hypo-
physectomuzed rats Although intact rabbuts have been used in the prevent
study 1t s not Iskely that lugher doses would have mereased the red celf gass
significantly The two rabbuts recesving 10 TU ACTH per kg body wag
2 weeks showed 2 nise sn RCVM of 120 and @ 3 per cent of the ampal vat -~



38 5 JIALVORSEN

The hematocrt, hemoglobin and erythrocytes showed less distinct changes
both 1n the ACTH treated animals and foll g hypothal I
After 2 weeks of ACTH the h values d 27 per
cent and the hemoglobin and the erythrocytes decreased 1 3 and 3 2 per cent
The rise :tn RC\ wathout 2 nise 1n hemoglobin and red blood cells may be due
to simultancous increases 11 the plasma volume, masking the increase in red
cell volume In the rabbits recenning ACTH through 4 weeks an increse in
hemoglobin and erythrocytes was noted but the data in this group are few

Plasma from the ACTH 1njected rabbits did not significantly erea ¢ Fe®*
per cent uptake 1n the ery throcytes of starved mice or the reticulocytes of intact
mice Because our present hods for erythrop deter arerel
atively crude and insensitive, the shght increases noted in some of the assays
are hardlv sigmificant, although 1t 1s possible that the effect of ACTH 1njections
15 medated through small increases 1n erythropoietin production

When one compares the RCM RCMjkg body wesght, retrculocytes and
plasma erythropoietin levels sn the ACTH treated group and in the positne
response group of our previous study (Setp ef al 1961), 1t 1s evadent that the
ACTH injections did not have the same g ve effects as hyy l
stimulation From this can be luded that the } 1 1 changes fol
lowing hypothalamuc stunulation are not due to increased AGTH production
alone Hypothalamic sumulation may however also increase other prturtary
hormones in addion to ACTH (Haxrris 1928) and the possibihity of a combined
effect of several patustary hormones 1s open to discussion Another possibility,
5 as d p ly the of a hypothal area ¢ il
crythropasetin production 1z the nervous system to the erythroposetin producing
organ(s)

The author wistes to acknowledge the support recer ed from The Norwegian Research
Council for Saence and th Humaryues He also wishes to express his thanks to Professor P A
Owzex M D for kind permission to perform the 1sotope stud es in his laboratory and to
Mist Herewe Lassen for valuable techmical assistance
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Materal

‘The ammals were young gulls (Larus argentatus and L. fuscur) with a weight of about
1kg and 9 to 1] weeks old ducks {dnas platsrkichus) wesghing about 3 kg

Methods

Anesthesiz 1 mb 6 %, \embutal (Abbott) was mnjected mto the median foot vemn To
obtam Tven anethena 02 ml were added when requured The amount of \embutal
used ta produce anesthesia was the same for gulls and ducks 10 spite of the greater bods
weight of the Jatter The ansmals were mthrommmd and given arufical respuration

Blood presswre recarding A strain gruge type ham P 23) was
by polyethylene tubing with a wing aner, {artena brackialis) Thc fusd space of the
transducer and the tulsng sabwe The ampulses were

recorded by a Sanborn muluchannel escilfograph

Polaragraphy The ovygen electrode {cathode) conssted of a 0 3 mm platinum wize
which was mserted mto the tssue 10 be studied (hRoG aad Joransen 1960) A sidver
ailser chionde reference electrads 1m contact with the pectoral muscle served 2s annde
The electrodes were conerted with the Sanbom osallograph ca a special wade
polarograph AC~~DC amphfier The electrode function was tested by asphvxation of
the amimals through clampmg of the tracheal cannula {Fig 1) Electrodes wath slow
respanse were replaced

Aere stimulatin Sumulzuon of the secretory parasympathene nerie was made 19
gulls The penpherat stump of the severed nerve was used for sumulation

The cervical sympathetic trunk wos reached at the Ievel of the 6th vertebra The
nerve 33 eastly evposrd m gulls but s fess accesssble m the duck due to the survounding
bony structure The cramal end of the cut nenve was sumulated Charactensucs of the
sumulation Frequency 20 ser, duration I msec wmntensity 16 voles

Pharmarological ajents Small amounts of sahne contasning dissohved substances were
mjecied intravencusly ta a catheter 1 & wing vein {7 brackeals) or mtra artenally
In the lagter casc a Thaped polyethylen cannula was placed m the caroud artery of
one side In a few cases the myections were made r12 8 side branch of the carond arteny
'nm faﬂmung substances were used  acethyleholine chlonde ! adreraline chlotide

! chlonde holl chlonde (Mechohds 1

noradsenahine chionde xc-mun creaumne sulfate Poses are expressed as pg of the als

 We acknowledge wath thanks dhe gt of 2 sample of seratontn from the L pyahn £o

Mich  and o from Sterhng Winthrop Research Inst Rense
selaer Ny
Results
In anesthetized ducks or gulls not otherwise xmcrf:rcd with the bloed
pressuze 15 abaut 150 mm Hg bur derab 14 and slow

sporaantous changes of blood pressure mav gceur

Changes in avadlable oxygen (= oqygen tension) i the salt gland ocour
dunng asphyxa stmmlation of the glandular nerves and under the mfluence of
pharmacologweal agents The oxygen usuath sanes parallel 1o the blood pres-
sure but under the mfluence of certamn kunds of sumul the vananons in axygen
do not follaw the blood pressuse probably due to local vascular responses n

the gland different from that of the sest of the body (Fig 25} See further the
discussion p 46
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Fig 1 Control of the func

tion of oxygen clectrodes
by asphyxiation At the
sgnals (loum Iine) the
tracheal way
clamped ’rhe rapid dechine
of available oxygen indica

tes appropnate function of
clectrodes placed 19 a leg

muscle the ecrebral cortex
and the salt gland Ammal
gull (Larus grgentatus)

Asphyxia Asphyxiation causes a rapid fall in avaslable oxygen in the salt gland
and usually a shght increase of the blood pressure Analogous results arc obtain
ed with the oxygen electrode 1 the cerebral cortex or 1 a skeletal muscle

) {Fig 1) After establishment of normal air passage the available oxygen rises
to the pre asphymal level Identical results are seen 10 ducks and gulls

Stmul, of the cervical sympathetsc trunk

In gulls and ducks symp 1 d a very rapid decline
of available oxygen 1n the salt gland and a small ncrease of blood pressure
(Fig 2 1, 2) After ended stimulation she oxygen tension quickly goes up to
the previous Jevel The results mndicate that the cervical sympathetic system
carnes vasoconstiictor fibres 1o the blood vessels of the salt gland The con
stnctor mneryvation 15 umlateral as shown from the following experiment on a
duck If the oxygen tenston 1s recorded from the salt gland and the contralateral
cenacal sympath trunk 18 lated only an ly shght mncrease 1n
oxygen, probable due to an increase in blood pressure 1s seen

Stmulation of the paraympathelic secretory nerce
The branch of the facal nerve carrying secretory fibres to the salt gland
according to our findings also contains sympathetic elements Stumulation of



BLOOD FLOW IN SALT GLAND 43

(2n2s) B0 g 422 9

o L] 150°°% prald
I - o~
T

0,

Stm © secretory nerve

r gland
Fig 2 Effects of nerve sumulation. on the available oxygen in the salt gland and the blood

pressurc i the subclavian artery 1) and 2) Sympathetic sumulation in periods of about 10
seconds 3) Parasympathetic samulation m 3 minutes

this nerve causes contraction of cutaneous muscles it front of the eye These
muscles are sympathetically innervated (LAnGLEY 1903) Whether the nerve
gives off sympathetic fibres to the gland 15 not known

Previous studies have shown that stunulation of the secretory nerve produces
a flow of secreted fluid 1n the lateral duct of the salt gland (FaNGE et af 1938)
There 1s reason to think that the glandular lobes which connect with the
median duct are inpervated in the same way by the same nerve as those empty
ing by the lateral duct Due to difficultics m cannulatins the medsan duct this
has not been venified so far In the Present mnvestigation no attempt was made
to place the otygen clectrode exactly into a preselected part of the salt gland

Results from sumulation of the secretory nerve are seen i Fig 2 3 The
available oxygen decreases rapidly during the first minute but at a slower rate
than dunng path timulat If 1 15 kept up for several
munutes a very slow linear rise of oxygen takes place (Fig 2 3) A coplous
secretion of flwd 1s seen After ended stimulation the oxygen reaches a higher
level than before the stinulation

Interpretation of the results The mitial decrease of available oxygen may be
due to vasoconstnction or to an bol p of oxygen
duning secretion o to both factors n combmation The fact that the decrease
of oxygen takes place at a much slower rate and lasts longer than the decrease
of oxygen after sympathetic sumulation speaks agamnst a nervous vasoconstrc
ton The slow Tise of avatlable ovygen after the first minute of stmulation and

the continued mise after ended stimulation to a level above the p,rgsumulﬂlofy
one indicates 2 vasodilatation
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Adrenaline and noradrenaline 1 pg1 v of adrenalne or noradrenaline produces
2 moderate nise of blood pressure in the duck (Fig 3 1) and a nise preceded by
an imtial sharp decrease tn the gull (Fig 3 2) The changes of oxygen closely
follow the blood pressure I v doses of 10 ug or more of the catecholammes
elevate the blood pressure but cause 2 decrease of the oxygen available i the
salt gland The decrease of oxygen 15 presumably due to a local vasoconstric
tion

The local ¢ 3 mfl of catechol 1s more clearly seen after
intra artenal admumstration Thus 1 the duck 05 or 1 ug of noradrenaline
1 a causes a large fall of oxygen concomitant to a rise in the blood pressure
(Fig 3 3) Our data are wsufficient but we have the mmpression that nor
adrenahne 13 slightly more active than adrenaline as 2 vasoconstrictory sub-

stance

b { (N wopropyl drenaline) 1 to 10 ug 1soproterencl 1 a cause 3
sise of oXygen but does not mfluence the blood pressure Higher doses gne 2
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nise of oxygen and fall of blood pressure (Fig 3 4) The results show that
1soproterenol acts as a local vasodilatory 1n the salt gland and also dilatates
blood vessels at other sites causing a decvease of blood pressure

Serotonin 10 pg of serotomny v (Larus fuseus) cause a fall in the blood pressure
and a corresponding fall 1n oxygen tension (Fig 4 1) Fhere 1s no indication
of any local effect on the arculation 1n the salt gland However smallera a
doses produce a decrease of the oxygen tension and little or no change of the

blood pressure (Fig 4 2) This indicates that a local vasoconstnction occurs
i the gland
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H 1—~10 g h cause a fall 1n blood pressure and oxygem
{Fig 4 3) but occasionally a rise 1n oxygen, indicating a vasodilation 1n the
gland 15 observed {Larus fuscus) (Fig 4 4)

Mecholy! (acetyl beta metylchohne chlonde} Because mecholy! sumulates the
seeretory mechanism of the salt gland (Fance et ol 1938) 1t 15 of mterest to
know howitinfi the glandular aircul In the gull t to 10 p1g mecholyl
1 v lower the blood pressure and the oxygen tension but have no certain
effect on the local arculation (Fig 5 2 3, 4)

Acetylcholine  Acetylcholine antra arterially 1n the gull produces a transient
secretion (FANGE ¢t af 1958) According to present results1 v or1 a myechon
of acetylcholine 1n the duct cause a fall of blood pressure and available oxygen,
but after small + a doses there 15 2 shght minal increase of oxygen tension

d g a vasodl: of short d (Fig 5 1)
Discussion
The level of the lable oxygen depends on the foll g factors the

external respiration, the blood flow and the metabolic consumption of oxygen
If arufical respiration manages to keep the oxygen uptake constant and the
local tissue metabolism does not change, the asvailable oxygen probably vanes
1n direct proportion to the blood flow 1 ¢ depends on the blood pressure and
the calibres of the vessels The oxygen increases when the blood pressure goes
up and decreases when the latter drops This kind of response which does not
reveal any vasomotor reactions has been observed repeatedly during the
resent work

The vasodilatation during secretion

THestErr and Scinaot Niersen (1962) by direct observaton of the gland
dunng nerve sumulanon found that the vasodilatation preceeds the electncal

p and of the gland According to our r gs the vasodil
tion seems to be secondary to the secretion (Fxg 2) Probably the vasodilatation
15 two-phasic caused by 1) impulses from vasodilatory nerve fibres 2} releasc of
a substance from the gland for instance CO, or a bradykinin like substance
The functional vasodilation during actwity of the salt gland ought to be
further 1my d A certain wnter of the hitherto made expenments
1s difficult because nothing 1s known concerning the magmtude of the gland
ular metabolism and 1ts changes

The control of the gland

The secretory nenve may be d as a parasympath nene The
theory of a cholinergic nature of the secretory fibres 15 supported by the fact
that the gland 1s stmulated to secrete by acetylcholine or mechalyl and the
secretson 15 blocked by atropine (FANGE ef al 1908) Furthermore the gland
(Larus fuscus) a specific chol (Lusprx and Fance 1962)
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‘The sympathetic fibres to the salt gland are vasoconstrictory and 1nhibit the
secretion These fibres are probably adrenergic The results obtained 1n the
present with phar 1 l agents are patible with the
view that the gland 1s mnenvated by ad g fbatory and chol
stumulatorv fibres

The salt gland 1s influenced both by the autonomic nerves and by adreno-
corticosterord hormones {Paiiiies Hovues and Burties 1961) This may lead
to vanable results tn physiological experniments with the gland The nervous
control of the secretion has so far been studied 1 gulls only There 1s the
possibility that in certaim species the endocrine control of the gland domunates.
over the nervous or rce verse

‘The basic process of the salt gland cells 1s an actve transport of sodwum 1ons.
(Trestesr and Scarwpt Niewsen 1962) The presence of corticosteroid hor
mones 15 probably necessary far this process to proceed normally As shown by
Honrv and Hoxm (1960}, acetylcholine 15 of biochemicat importance for the
1on transporting mechanism of the avian salt gland The latter seems to be an
arvan of choiwce for of basic k of nerve and hormone
action on glandular cells

We thank Cwl enguncer Sevety Leraaxn and cand mag Incer Horasex for enthusasue
cooperation and Dr B Svenuasx for providing working faclies at the Zoologweal station
Rnstincberg Sweden The projoct was financed by the Nansen Foundation Oslo
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Studies 12 Neuromuscular Transmission IV

Influence of changes 1n blood pH and carbon dioxide tension
on the effect of succinylcholine
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Abstract

Gaystorp 1 and E VINVARS Studies 1n neuromuscular transmission
I Influence of changes in blood pH and carbon dioxide tension on the effect
of succimicholine Acta physiol scand 1963 58 48~56 — The
influence of changes in the artenal blood pH and the partal pres
sure of carbon diocvide on the effect of succinylcholine was mves-
tigated m rabbits The sciatic nerve was stimulated supramaximally
and the electric response of the gastrocnemius muscle was recorded
the amplitude of the response was used as a measurc of the severity
of the block. Tachyphylaxis was noted on admimstration of repeated
small doses of succtylcholine but no changes referable to the shift
1 pH or pCO, Changes in pH or pCO; had no demonstrable effect
on the block caused by z2 single large dose of succinylcholne The
block caused by a continuous mfusion of succnylcholne was en
hanced by severe respiratory acidosis It was not significantly in
fluenced by mild v acidosis v alkalosis bol
acidosss or alkalosis or miusion of adrenaline The possibility of these
findings being due (0 a slower hydrolyss of succrnylcholine and
acetylchohine at a gh pCO; 18 discussed

Changes 1n blood pH and carbon dicade tenston are known to influence
the action of nearomuscular blocking agents 11 chmical anesthesia (DuvpEe
1952, Scurr 1934 Gray and Fentow 1954) The eflects of these changes on
the potency of tub 1ne and dimethyl tub e 2 drugs causing 3
ron depolanzing neuromuscular block were studied experimentally by PAYNE

48



NEUROMUSCULAR TRANSMISSION IV 49

{1958, 1959), Jouansen and Oscoop (1962) and Gaustorr and Vinars
{1961 b) Succinylcholme, which causes a depolanzing neuromuscular block
{Tistxrr 1952) 13 wadely used m chimical anesthesa Changes 1n the action
of depolanzing drugs are more difficult to evaluate since therr effect vartes
frem species to speaies and an different muscles an the same animal {Paton
and Zaopns 1951 Zanos 1952, 1953) Besides, dunng constant infusion or
repeated mjections an ongnally depolarizing blocking effect may become non

depolarizing (Zanns 1952, Fowbesetal 1957, Caurcit Daviosos and Caxis

TIE 19.9) and weaker (STeEnpERG and Ornpane 1957, Payne and Horsmanw
1939) The following experuments were designed to elucdate the effect of
changes m blood pH and carbon dioade tension on the sensitmaty of the
rabbit to succinylcholine

Material and methods

Forty six rabluts weighing 2 to 43 kg were used Thirty-eight recened succray!
choline chiorde (Vitrum) (group 1 {1 and IIT) In 8 rabbuts {group IV) the mnfluence
of respiratory acidosis on the direct motor response was studied The ammals 1n all
4 groups were prepared 1n the same way This procedure bricfly summanzed here 18
described 1 detail elsewhere (GAssTorp and Vivuars 1961 b) A tracheal cannula
was tuserted through a tracheostomy The night femoral artery and vein were cathe
tenzed A parr of stamless stecl electrodes was apphied to the lefy sciatic nerve and
the electrie response of the pastrocnemius muscle was recorded through a concentric
needle electrode sumtably amplified on a cathode rav oscilloscope and photographed
The stumulus apphed was d at 1 tevel hout the expert
ment Dexiran was infused mtravenously 1n amounts roughly corresponding to the
blood loss artenal blood pressure which way d was
at a level above 70 mm Hg The P was d 1t did not
change more than 15 C dunng any of the cypenments

‘The frequency and the tidal volume of the artificial respiration were adjusted to
mamtun 4 normal blood pH and carbon diouide tension except when resprratory
alkslosis or acidosis was deliberately produced Respiratory alkalosss was mduced by
doubhing or trebling the nidal volume for 10 mun Severe respiratory acidosis was pro-
duced by admamistration of 20 % catbon dioxide 1 oxygen for 10 mm i 4 few ex
penments 65 % carbon disxade 1 oxygen was also used to study the effect of mild
Tespitatory acidosis Metabohe alkalosis was produced by mtravenous injection of 5—
15 meg 05 N sodium carbonate solution over 3—8 min Metabolic acidoss was pro-
duced by mtravenous myection of 4—12 meg 05 N hydrochlone acid over 2—8 min

Group I The ummediate effect of a small dose of succmylcholine was studied m 9
rabbuts. Five of the arumals were given intra atenial imjections each contamng 75 e
PT kg body weight and 4 recewved imyections of 50 g per kg The blocking effect
af the drwg was recorded every 10 sec for the firast 1 1/2 min and every 39 sec for the
following 3 1/2 mun by which tme the block had usually disappeared Each anumal
Was given 6 to 8 injections at 20 rn ttervals In 3 animals the blood pH and carbon
dioade tension were mamntained at normal level throughout the expertment In 3
ammals respiratory alkalosis and respiratory acidosis were alternately produced for
§ min before and for 5 mun after the injections of succinylcholne In 3 amumals meta
bolic alkalosis and metabolic acidosss were produced alternately immediately before
the wjections Tach of these 6 anumals receved the first 2 1njections without previous
induction of changes in the blood pH and carbon dioxad tension
4—63301. Acta physiol scand Vol 58
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Group II The late effect of a stngle dose of sucernylcholine was studied in 18 ex
periments wn 11 rabbits The dose used was 075 mg sucanylcholine per kg body
weight When more than one experiment was performed on the same animal the mter
val between the injections of succnylcholine was at least one hour In 3 expenments
the blood pH and carbon dioxide tension were maintained at normal level throughout

the ¢ Ing y alkalosis and y acidosis were
produced all ly and m 6 bolic alkalosis and metabolic acidosis
were produced alternately 1n all 15 dunng the phase of rapidly subsiding block be

gumng 5 mn after the mjection of sucainylcholine

Group III The block produced by a continuous infision of succinyleholine was
studred 1n 18 rabbits The rate of the 1 v mnfusion was kept constant 1n each exper
ment The dose was 20—30 yg per kg per munute At the begmming of the 1 v infusion
each rabbit also recenved 75 ug per kg ntra artersally The actual experiment was
not started until 8 to 45 mun afier the begimming of the infusion by which time the
block had become fairly stable In 7 rabbuts resprratory alkalosis and scvere resptratory
acidosis were d al ly 3 were subjected 1o 2 periods of acidosis and !
to 3 periods In addttion 5 other rabbuts were exposed to 6 5 %, carbon dioxide In 3
rabbits metabolic alkalosis and metabolic acidosis were produced alternatcly onc
rabbit was exposed to 2 periods of acidosis

Admmustration of carbon diowide 15 known to causc a releasc of adrenaline (SecnzeR
etal 1960) which may influence the ncuromuscular transrssion (GOFFART 1927
Rusnet and Scivrz 195+ Bowaan and Zanas 1958) Adrenaline was therefore tested
far 1ts cffect on the block caused by the continuous infuston of succmylcholie 1 6
rabbits The dose of adrenaline was 4 yg per kg per minute given 1v at a constant
rate for 10 min Tour rabbits receved another sumular dose after an interval of 40—

60 min
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Edrophonmum (01 wmg/kg) was given 1a before interrupting the nfusion of sue
cinyicholine m 9 of the experiments in group IIT in order to determne if the drug had
caused a block of depolanzing or non-depolanizing type (Hotas and Jonassew 1958)

Group I1 Total curanzation was produced 1 8 rabbis by the admustrauon of
3—6 mg tubocuranne per kg body weight, givenia over a few munutes Stmulation
of the sciatic nenve evoked no response of the gastrocnermius muscle This muscle was
then stumulated directly through a needle electrode mserted mto the muscle and the



52 INGRID CAMSTORP AND ERIK VINVARS

M s
" -3 ¢ ’
i
. v 3
3 ermal va laten
D
-
"
P
I S e
- 4
:yzir !t §§
4
i it M
B i i o®

Fig 4 Rabbrt no 35 Same as m Fig 1 Sucanyicholine (Sch) wfused at & constant rate

response was recorded w thr tame way as desenbed previsusly The stmulus was
at ] level lh Alfter 10 aun on not
mal ventslatson, the ammal was exposed to 20 % carbon dipude 1n oxygen for 10 ma
followed by 10 mun normal venulaton The admumlratxon of carbon dipxide folfowed
by normal ventlation was repeated 1n 2 rabbsts
“The pH of the arterral blood and the partial presiure of carbon dioxade were deter
~uned according to the method described by Astrue (1926)

Results

Group I Tachyphylamis was noted 1n 7 rabbits 5 ¢ the blockung effect of
the same amount of sucanylcholine dimuimshed with wcreastng number of
mjections N changes ascribable to the shuft 1 blood pH and carbon diovide
tension were recorded (Fig 1)

Group £T The block disappeared sithin 15 to 60 min  Changes 1a blood pH
and carbon dioude tersion did mot nfluence the steady abatement of the
block (Fig 2)

Group HI Resp y alkalosis bolic alkalosts and bolic acidosis
aid not influence the block significantly During severe resprratory acidosts the
block 1n¢reased to duninish agamn dunng hyperventidatton or normal senttla
uon This was noted 10 9 of 12 expenments performed i 7 rabbits (Bg 3)
In one experiment no change at all was recorded 1n Lan sncrease of the block
was observed but the exp could not be leted because ment
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of the needle or death of the animal prevented further registration The muld
aadosis ainduced by 65 % carbon dioade had no wnfluence on the black
The infusion of adrenaline had no sigmficant effect on the block (Fig 4)
‘The test with edrophomum showed that the block was of the depolanizing type

Group It Severe respiratory acidosss had no influence on the direct muscle
response

The admnistrauon of 20 9, carbon diowde regularly mduced a blood pH
below 7 and a partial pressure of carbon diode above 130 The metabolic
acidosts was of the same magnitude (blood pH was above 7 in only 2 expen
ments) and the carbon dioxde tension did not alter sigmficantly These results
are 1n accordance with those of earher experiments sn which 1t was also shown
that changes in plasma potassium were too small to influence the neuro-
muscular transmission (GassTore and Visvars 1961 a b) Changes in the
blood pH and carbon diade tension were shght and mconstant dunng the
snfusion of adrenaline

Discussion

The enhanang effect of severe respiratory acidosts on the block caused by
sucanylcholine contrasts with PAywe s (1958) results In lus experiments on
cats he recorded the mechanical response of the tibralis antenior muscle after
indirect sumulaton and found that the block caused by succmnylcholine
d hed duning the ad of 10—20 9, carbon dioxide The dif
ferent expertmental condittons may account for the dwvergent results Paywe
does not state the nature of the block he mnduced nor does he offer any inter
pretaton of his findings Our results are m agreement with those of Davis
etal (1905) who studied 1n dogs the effect of succinylchokne on the respiration
1n dogs before and after exposure to 1020 %, carbon dioxuide

The d to succinylcholine duning severe
did not seem due to the release of adrenaline

The effect of severe respiratory acidosis on the unblocked neuromuscular
transmission consists of an increase 1n the stunulus needed to evoke a maximal
response (GAdsTORP and Vinvars 1961 a) This cannot however be the ex
Planation for the observed mncrease of the block since the sumulus was main
tained at supramaxsmal level throughout the expersment

The block caused by tubocuranine was also sncreased duning the admumstra-
tion of carbon dioude {Pav~e 1958 1959 Gaustorr and Vrvears 1961 b
Jouansex and Oscoon 1962) It would thus appear that the partally blocked
neuromuscular junction 1s sensitinv e to respiratory acidosts But this explanaton
15 for several reasons unlkely First the tubocuranne block 13 mnfluenced more
by metabolic acidosis than by respiratory acidosis (Gasstorp and Vivwars
1961 b) the effect can be explamed by a shift in the potency of this particular
drug due 10 a change mn its 1onzauon folloy ang vanatons of pH (Karow

P y acidosis
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1954) Secondly, the block caused by dimethyl tubocurarine differs fiom that
of both tubocuranine and succinylcholine, as 1t 1s not nfluenced sigmficantly
by changes 1n the blood pH or carbon diouide tension (Gamstorr and Via
NARS 1961 b) I'mnally, the response to direct electrical stimulation did not
change duning the adminsstration of carbon dioude indicating that the ex
atability of the muscle b does not d bly duning severe
respiratory acidosis

As to the possible influence of pH and carbon dioxade tension on the 1n
actvation rate of succinylcholine and chol, the non enzymatc
hydrolysis of sucainylcholine decreases with decreasing pH both at 75 C
{Tasprerwy 1953) and at 21 QG (Fraser 1924} In the mtact animal succnyl
choline 15 rapidly hydrolysed by plasma cholinesterase (Grics 1941, CastiLLo
and pe Brer 1950) The unnary excretion of the drug 1s neghgible (FoLpes
and Norrov 1924 Forpes Vanpevorr and Suanor 1955) Cholinesterase
has optimal effect at pH 8 {Jansz and Coren 1962) and 1s most stable at pH
74 (Cravpniure 1949) 1t 1s gradually mactivated at decreasing pH (Avcus
TivssoN 1918) Thus, both the non enzymatic and the enzymatic break down
of succainylcholine may declhine duning acidosts The enzymatic hydrolysis of
acetylcholine 15 also influenced by changes 1 pH and carbon dioxide ension
{Texvey 1960) If the pH 15 Iowered by an increase of the carbon dioxide
tension the cffect of acetvicholine will increase this effect has been ascribed
to the change w pH (BEAJ\ and Smm{ 1958) However 1if the carbon dioade
tension 15 kept b less effective if the pH 1s Jow
ered below 7, if the pH on the other hand, 1s kept constant, the effect of
acetylcholine increases with the carbon dioxide tension (Martr Stamr and
Bucter 1956, STAMsr 1957) Since an accumulation of acetylcholine at a neuro
muscular junction partially blocked by a depolarizing drug will increase the
block this factor may explain why respiratory acidosis but not metabohe
acidosts enhances the block caused by succinylcholtne
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From the Institute of Physiclogy University of Lund Sweden

Location, Course, and Characteristzcs of Uncrossed
and Crossed Ascending Spinal Tracts in the Cat
By
B HorsovisT and O Oscarsson
Reraived 12 October 1967

Abstract

Horvguist B and O Oscarsso  Location  course and charac-
terustics of uncrossed and crossed ascending spunal tracts wn the ¢at Acta
phyuol scand 1963 58 5767 ~— Discharges cvoked 1n coarse
fibred ascending spmal tracts on stimulabon of muscle and sk
nerves i the hindlimbs and on stumulation of lumbar sacral and
caudal dorsal roots were recorded from dissected fasaicles of the
cord at L1 and C3 Tracts in the dorsal part of the lateral funtculus
are monosynaptically activated only from ipsilateral affercots and
tracts Iocated ventrally thereof only from contralateral afferents
{exceptional findings on stimulation of the most caudal roots are
related 1o the crossing of primary afferents in these caudal segments)
It 15 concluded that the former tracts are uncrossed and the latter
crossed at the spinal level — There 13 no obvious segmental lamina
tion of fibres wathin the areas of uncrossed and crossed tracts In
dividual tracts occupy relatrvely fixed and well defined arcas inde
pendent of their level of ongin There 1s a marked dorsal shift of
the dorsal and ventral spinocerebellar tracts during their ascent in
the cord

The general orgamzation of coarse fibred ascending spinal tracts was re-
cently investigated in experiments on the phalanger and rabbit (Mac~t and
Oscarssow 1962 b) These expeniments were Lmted to a study of the or-

of tracts activated from hundlunb afFe in the lumbar segments
they showed thay
a) tracts ding mn the dorsol 1 lus are actrvated mono- and
1 ily only from ipsilateral nerves

b) tracts ascending in the ventral quadrant (ventrolateral fumculus +
ventral fi lus) are d ptically only from contralateral
nerves and pol lly from both 1 and \l nerves
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These observations and hustologieal evidence that primary afferents termu
nate almost exclusively on the ipsiateral side suggest that the latter but not
the former tracts ascend after having crossed the midline of the cord

The present imvestigation has confirmed, in the cat the previous findings
made on the phalanger and rabbit In addition the observations have been
extended to tracts actvated on shmulation of dorsal roots belonging to fumbar,
sacral and caudal segments, and to the change 1n position of tracts actnated
from hindlimb afferents during their ascent i the cord The location and

h of tracts d from forelimb affe are described 1n 2
separate paper {Hotargvist, OscARssoN and Uppenserc 1963)

Methods

‘The expenments were donc on cats under hght pentobarbitone anaesthesia The
ammals were artsficially venulated and flaxedil was given to prevent reflexes The
body temperature was kept between 36 and 33° C

In some cats a Jamnectomy :ncluding all lumbar vertebrae was made and the cord
transected at the lower Th 13 level The dorsal furucul: were removed down to shghtly
below the first lumbar roots The remamtng part of the cord was divided along the
nudhne and the cord halves spiit Jongiudinally mto smaller subdivisions {calied

fascicles  below ¢f Fig 1-—4) and recorded from as described by Laporte Luvp-
BERG and Oscarsioy (1956) Ingomng volleys were momtored at the dorsal root entrance
by triphasic recording In other cats the second cervical vertebra was delaminated.
“The cord was transected at the level of the second cervicat roots and the dorsal funcult
dissected free but left 1n continusty with the cord at the caudal end of G3 The cord
halves were split 1nto fascicles of vasious stzes and recorded from. The hamstrng sural
and superficial peroneal (except muscle branches) nerves were dissected for shmula
tion bilaterally At the end of some expeniments the dorsal roots of the Iower Jumbar
sacral and upper caudal segments were severed hilaterally and mounted on stimulating
clectrodes The penes and exposed paris of the cord were covered with warm mn
eral ot

The and d has been described before (LaporTe elal
1956 Macnt and Osc.uzsscv 1962 a) The sumulus strength was 15~30 umes that
evoking a barely percepuble ingotng volley Two double beam oscilloscopes were used
one usually displayed the ingoing volley angd the early part of the ascending discharge
on a fast ume base the other displayed the ascending discharge on a slow time base.
“The records were formed by photographic superposttion of 15—20 famnt traces

The cross sections of the fascicles recorded from were assmcd after fixation of the
removed cord segment by through a
The arcumference of the cord and the distances between the various sections Weft
measwred Additonal controls were obtained from serial sectsons of the region where
the fasacub were mn contimwty with the intact cord

Results

1 Orgamzation of tracts at the first lumbar segment

In the experiment of Fig 1 the spmnal cord half was spht mnto four fasccles
(1—1v), the two dorsal ones ding to the dorsol. lus and the
o ventral ones to the ventral qundram Lach set of traces shows the




UNCROSSED AND CROSSED TRACTS 59

1PSIL GONTRAL
MUSGLE SKIN MUSCLE SKIN

et

1 Discharges rccorded at lhe ﬁm lumbar segment from tracts actnated by stmulation
n[ spsilateral and and skin peroncal) nerves The
Tecards were, obtamed from fascicles doiv 3% tadicated The ingomg volley was recorded
'.nphas:ully from the donal fumeulus at the upper L7 level and 1s shown in A—D (upper

ces) The paurs of traces show the discharges recorded simultancously on a fast and slow ume
ba.\e The distance between the two recording s tes was 65 em

dine disel

ded from the ind 1 fascicle at two speeds The
top traces show the ingomg volley recorded triphasically from the dorsal root
entrance (¢f Methods) In the dorsomedial faseicle (1) a large monosynaptic
response was evoked on stunulation of the |psﬂalcral skin nenve (B) xn the
dorsolateral fasaicle (u) a large h produced by
sumulation of ipsilateral group 1 muscl: aﬁ’crcnts {E) Thc formcr discharge
was due to activity 1n the d tract 1 by LuNDBERG
and Oscarssov (1961) the latter to actvity i the dorsal spirocerchellar tract
(DSCT) (¢ Lu~peere and Oscarssov 1961) Sumulation of contralateral
nenes evoked no discharge 1n the dorsomedial faseicle (C D) and only a trace
of late actmity 1n the dorsolateral fasaicle (G H)

On the other hand the two ventral fascicles contamed tracts dormnated
by effects from contralateral nerves In the ventrolateral fascicle () the spike
Like discharge (k) was due to actwity mn the ventral spinocerebellar tract
(VSCT) elicated by a volley 1 contralateral group I muscle afferents (OscArs
so¥ 1926) The small monosvnaptic discharge elictted by ipsilateral group |
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1PSIL CONTRAL
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—~—————
Fig 2 Discharges recorded at the first lumbar segment from tracts ascending m the ventral
fascicle (hatched arca sn diagram) on of and muscle
(hatostring) and skin (sural) nerves ‘Triphasic recording of the mgoing volley in the dorsal
rools and recording of the ascending dhscharge were made simultancously on a fast (upper par
of!!accs) and slow {lower pair of traces) ime base The arrow 1ndicates monosynapiic response

evoked from the skin nerve Time scales sn msee The distance between the recording sites
was 8 cm

N
1l
S

muscle afferents (I) was due to actvity 1n a small part of the DSCT ncluded
1 the dissected fascicle The ventromedial fascicle (1v) displayed no distinet
monosynaptic responses (M—P) The late activity was Jarger when cvoked
from contralateral nerves (compare M N with O P) Only sometunes did
shin nerve volleys produce a disunct monosynaptic discharge n the ventral
part of the cord One example 1s shown 1n Fig 2 The cord was spht shghtly
below the level of the central canal This ehminated completely any mono-
3 from the 1psil ! nerves (A, B} The discharges evoked
from the 1psilateral nerves appeared on activation of group IT muscle afferents
and low threshold cutaneous afferents the long latency indicates polysynaptic
transmussion On the other hand monosynaptic discharges were evoked from
both muscle and skin afferents in comralatcral nerves Group I muscle afferents
were responsible for the h 1 the VSCT (C) and the
cutaneous afferent volley evoked a dxschargc (D, mndicated by arrow) with a
similar delay
Our observations show that the organization 1n the cat 15 sumlar to that
previously reported for the phalanger and rabbit (Macn: and OscArssO¥
1962 b) In all three ammal species the dorsolateral funiculus in the lumbar
region contains tracts activated only from 1psifateral nerves and the ventral
tracts ynaptically activated only from contralateral nerves
and Il d ly from contralateral nerves How
ever, !hc prcscm experiments suggur also that the late actwty evoked from
contralateral nerves increases gradually from dorsal to ventral regons of the
cord (Fig 1)
The orgamzation described above apphes to tracts activated from hundlimb
afferents Two reasons made 1t of interest to study the discharges cvoked on
stimulation of dorsal roots First, the afferents in the lower sacral roots ar¢

L
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3 Discharges recorded at the first lumbar scgment from traces acuvated by sumulation
cl' spsitateral and contralateral 1.7 and §3 dorsal roots. From the cxperument also shown in
¥ig | The records were obtamed from fascicles t—rv 38 indicated. The imgomg volley was
vecorded tnphas cally from the dorsal funscalus at the L7 Jevel (upper traces i A—D] The

pais of traces show the discharges recorded sumultanecusly on a fast and Jow ume base The
<istance between the two recording s tes was 65 cm

known to send bmnchc across the mudhine of the cord which contrasts to the
almost of dorsal root fibres at other levels
(SpracuE 1958} S.:cnndly there was the possibility that afferents innervating
mdhine structures had central connections different from those of afferents
ingervating the imbs
Dorsal reots down to and somenmes ncluding S2 evohed discharges ac

cording to a pattern sirmlar to that obsersed for discharges evohed from hund

Lmb nenves In Fig 3 sumulation of the puilateral L7 dorsal root produced
a large discharge (A) 1n the dorsomedial fasaicle (1) but no discharge was
evoked from the contralateral root (C) In the dorsolateral fasacle (n) there
vas a large ipsilateral discharge (E) but onhy a barely viable late contra

lateral discharge (G) comparable to that exoked from hundimb nerves earber
1n the same expeniment (Fig | G and H) The discharges (T K M O) evoked
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Fig 4 Discharges recorded at the third cervical segment from tracts activated by stmulation
of ! and i} muscle (h and skin 1 peroneal) nerves in the
hindlusbs The records were obtamned from fascicles 1—u; as indycated The upper and lower
traces show the discharges recorded simultancously on a fast and slow time base Middle traces
11 A—D show ascending sollcys recorded from the dissected dorsal fumeult at C3_Time sealcs
1 msec Distance from stimulating electrode on hamstring nerve to C3 about 37 em.

i the two ventral fascicles (m1 wv) also followed the pattern of discharges
evoked from hmb nerves

Stimulation of more caudal roots evoked discharges which m two respects
differed from the pattern described above

a) In the dorsomedal fascicle 2 distinct monosynaptic discharge about one
third 1n size of the 1psil 1 cisct was produced by stimul. of the
contralateral §3 root (Fig 3 D) A small monosynaptic discharge was abso
evoked 1 Iy n the doreol. fascicle and was possibly due to
actrty 1 the same category of fibres (H) The contralateral discharge m the
dorsol. 1 fi fus should be d with the c 1 1
of primary afferents in the dorsal and ventral horns of the lower sacral seg
ments (SPRAGUE 1958} and waith the finding of crossed monosynapu¢ connec
tions to 1 these seg (Curtis Kryjevic and Mipepr 1998
Frask and Seracue 1959) Hence the fibres ascending n the dorsolateral
fumculus and acunated from contralateral afferents in the lower sacral and
caudal roots may ongmate from 1psilateral cell bodies

b) There was never any monosynaptic response from the lower sacral and
caudal roots corresponding to actwity in the DSCT (F) whereas 2 mono”
ynaptic disck p bly rep g actaty m the VSCT was regt!
larly seen (L) This might suggest that group I muscle afferents from the lowe?
sacral and caudal roots do not reach the Clarkes column cells Howerer
degencration 1n Clarke s column has been described after secuon of the 53—
S4 dorsal roots (GranT and RexeD 1928)
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HINDLIMB FORELIMB

c

C3 c3
Fiz 5 Location of tracts monosymapt
cally actvated from group I tmuscle
afferents (A—C) and of the dorsomedsal
cutancous tract (D—F) The areas oc

cupied by trarts activated from ipsilateral

nerves are indicated by verncal batching F
and the areas occupued by tractsacavated

from contralateral nerves by honzontal

hatching A B D and E show location

of tracts activated from hindlimb nerves

at the mdicated segments ¢ and F lo-

€cation of tracts activated from forchimb

nerves 2t the €3 segmaent The latter

tracts have been deser bed 1n a scparate

paper (Hotxguist etal 1963)

2 Spinal eourse of certamn tracts

There are several anatomical Teports suggesang 2 dorsal shuft of certan
tracts during their ascent 1n the cord {¢ g Warkir 1940 Yo.s 1952 1923
S 1957) We have now confirmed these observations by recording from.
dussected fascicles at the level of the third cervical segment

The experiment i Fig 4 will be shown as an example Three fascicles were
recorded from on stimulation of muscle and skin nerves m the lundlmbs The
monosynaptic DSCT discharge (A) evoked from group I muscle afferents was
almost completely confined to the dorsal fasaicle (1) and so was the mono-
synaptic discharge evoked 1n the dorsomedial cutaneous tract (B) It s con
cluded that the DSCT has a much more dorsal posiuon at the cervical than
at the lumbar level. As could be expected no discharges were eliated by volleys
m the contralateral nerves (C D) Thc monosynaptic VSCT discharge (G)
evoked by d of 1 1 group 1 was ded 1n the
lateral fascicle (1) together wath late actwaty produced by mmpulses m skin
and hugh threshold muscle afferents (E—H) In the ventral fascicle (m) no
monosynaptic discharges could be discerned and contralateral nerves were
more effectine 1n evoking large discharges than ipsilateral nerves (I—L) It
should be noted that the discharges in the ventral fasacle had a longer latency
and later summut than the late discharges i the lateral fasacle At the first
lumbar segment there was no appreciable difference 1n this respect between
for example fascicles () and () m Fig 1 This suggests that the actne
fibres i the ventral fasacle at ©3 had a lower conduction veloaity than the
acuse fibres 1n the lateral fasaicle

The large number of varously dissected fasaicles (27 n the first lumbar
and 32 m the third cervical segment) made 1t posuble to determne faxly

GROUP T

CUTANEOUS
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Fig 6 Arcas occupicd by uncrossed {dorsally of
broken line} and crossed tracts (ventrally of bro-
ken Iire) at andicated segments A and B refer
to tracts acuvated from hindlimb nerves C 10
tracts acttvat d from forehmb nerves

accurately the posttion of some tracts Fig 5 shows the areas occupred by
tracts activated from group I muscle afferents (A—C) and the areas occupied
by the dorsomed:al cutaneous tract (LuspBERG and OscArsson 1961) (D—F)
“The figure includes observanons on tracts activated from forelmb afferents
which have been deseribed 1n a separate paper (Howvpvist et al 1963)

A and B, Fig 5, show the areas occupied by the dorsal (vertical hatching)
and ventral (honzontal hatching) spinocerebellar tract In the Jumbar region
DSCT occupies the dorsolateral corner of the cord and extends ventrally some-
what past the honzontal plane going through the central canal In the cervical
region 1t has changed to a more d dial posiion though there 1s still a
small medial area relatively devord of DSCT fibres The VSCT 1s located i
the ventrolateral corner of the cord 1n the lumbar region 1t extends appro
mately from the level of the central canal to the ventral root exit (Fig 9, A
honzontal hatching) In the cervical region at has a much more dorsal poss
tion 1t occuptes approxumately the same area as DSCT does 1 the lumbar
region (B) The anatomucal separation of the DSCT and VSCT was if any
thing, better at the cervical than at the lumbar level

1t 13 mieresting to compare our results with the fustologrcal analysss of as
cending tracts made by Surriz (1927) on human matenal She observed that
the superfictal coarse fibres mn the ventrolateral region of the lumbar cord
shifted to a posttion 1n the dorsolateral fumculus at the upper cervical seg
ments whereas thunner and more deeply situated fibres in the venirolateral
region of the lumbar cord remamed ventrally Her results are in good agree
ment with our finding of a dorsal shft of the VSCT The late duscharge witha
long latency found mn the ventral fascicle (i) (Fig 4 k, L) may be duc to
actiwity in the tunner tract fibres mentioned by Syrrs A dorsal shift of the
DSCT and VSCT was recently described by Graxr (1962)

Group I muscle afferents i forelmb nerves activate only onc ascending
spinal tract {(HoruQvist etal 1963) Thus tract 1 uncrossed ongmnates from
celis above Clarke s column and 1s not homologous wath esther DSCT or VSCT
Its position is shown it Fig 5 C

Fig 5 D—F shows the arca pied by the d dial tract
(Luvppere and Oscarssov 1961) The component activated from hundhmb
_afferents 15 medial of the DSCT at the lumbar level (D) but largely overlaps
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the area of this tract at the cervical level {(E) The forehmb componcnt of the
cutaneous tract extends shghtly more ventrally than the hmdl
at the cenvical regron (compare E and F)

Discussion

The present findings substantiate the suggeston made 1n a previous paper
(Macwr and Oscarssov 1962 b) that uncrossed ascending spinal tracts occupy
the dorsal part of the lateral funiculus and crossed tracts the ventral part of
this funtculus and the ventral fumculus There is convinang hustological
evidence that primary afferents make synaptic contacts almost exclusively with
1psilateral cell bodies though exceptions to this rule occur 1n the first cervical
and lower sacral segments (ScunErt 1939 Escorar 1948, Liv 1926 Spracue
1958) Our observation that dorsally located tracts receive monosynaptic ex
atation only from ipsiateral afferents and ventrally located tracts only from
contralateral afferents ndicates that the former tracts are uncrossed and the
latter crossed at the spmnal level The exceptional finding of a contralateral
discharge 1n dorsally located fibres on sumulation of lower sacral and caudal
Toots 13 reasonably explamed by the crossing of primary afferents 1n these seg
ments (SPRAGUE 1958)

The areas occupied by uncrossed and crossed tracts vary m extent at dif
ferent levels of the cord and depend alsa on the segmental ongin of the tracts
A dashed hne 1s drawn between uncrossed and crossed tracts in Fig 6 In the
lumbar segion the uncrossed tracts occupy apprommately the dorsal half of
thelateral fumiculus (A) In the cervical region the uncrossed hindlimb tracts
are located 1n the dorsal third and the uncrossed “forelmb tracts 1n the
dorsal two thirds of the lateral funiculus (B C) (¢f Howsqvist etal 1963)

Some authors but not others have found a segmental lamination of as
cending fibres 1n the dorsolateral fumculus and  ventral quadrant  of the
cord with fibres ongmaung from caudal levels located most dorsally 1 the
Tespective area (¢ ¢ SwERRIGTON and Lasterr 1903 Brex 1927 Warker
1940 ‘Morrv Scmwarrz and O Leawy 1951 Yoss 1952 1953 vas Beuse
Koy 1955) The question 1f a segmental lamination exists can be given a more
distinct form by asling 1f there 15 a lamimaton wathin the areas contamng
uncrossed and crassed tracts respectinely A crude lamination might be sug
gested by the fact that the uncrossed forelmb tracts extend further ventrally
than the uncrossed hindhmb tracts and rice tersa the erossed hindlumb tracts
extend further dorsally than the crossed forelumb tracts (Fig 6 B and C)
Howcver tlus cannot be taken to mndicate a true dorsoventral lammnation as
the uncrossed forebmb tracts overlap the uncrossed hindhmb tracts and
correspondingly the crossed hindhimb tracts overlap the crossed foreimb

tracts Furthermore individual tracts seem to occupy relatively fixed and well
defined areas independent of thewr level of ongin This can be dlustrated by
5633015 Agta physiol scand ¥ ol 58
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examples from the group of uncrossed tracts The forehmby component of the
dorsomedial cutancous tract (LispLere and Oscarsson 1961) 1 located n
the mast dorsal part of the lateral funiculus whereas the foreltmb tract ac
tivated from group I muscle aflerents has a relatively ventral posttion 1t oc
cupies the middle third of this fumiculus (Fig 5, C and F) Both forchmb and
hindlmb T of the d J1al tract are medal of, but
overlap partly the (hindimb) DSCT (Fig 5, B L and F) However, our ob-
servations do not exclude a 1t within indiadual tracts {¢f
Suerrrngton and Lasterr 1903 Hy~pwan and Epps 1939, Yoss 1922 1953
GRranT 1962) A coarse Jamnation of this type 15 indicated by the more ventral

extent of the area ¢ d by the foreltmb comy of the d cdial
cutancous tract than of the area pied by the hindimb p (Fig 5
E and I)

Some of the myvestigated tracts shifted dorsally dunng their ascent 1 the
cord which 1s 1 agreement with a number of anatomic mvestigations (¢ ¢
Yoss 1952 1953 Ssrrn 1957 Grant 1962) A dorsal shuft was clearly cstab-
lsshed for the DSCT and VSCT and 1t should be stressed that the latter tract
i the cervical region has a relatively dorsal position (Fig 5, B) In the €3
segment 2 lesion i the dorsal falf of the lateral fumeulus would mterrupt
not enly DSCT but alsa VSCT Ths necessitates a reconsideration of cevtan
carlier expenments 1 which lesions of this type were made for supposed
selectire interruption of the DSCT (¢ ¢ Mowrv and Happep 1953 Moz
and Garover 1903)

Thus 1nvestigauon was supported by a grant from the Swedish Medical Research Council
Technucal asustance was gnen by Mr A, Jonssow and Mus Urra Perssov
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Abstract

Howgvist B O O and N U [ of
ascending spinal tracts actwated from forelimb afferents in the cat Acta
physiol scand 1963 58 68—76 ~— Discharges evoked sn coarse
fibred ascendmng spmal tracts on stmulation of muscle and skin
nerves 1n the forelimbs were recorded from dissected fascicles of the
cord at C3 The general organization of tracts activated from fore
Iimb afferents 15 similar to that of tracts actiated from hindhimb
affereats uncrossed tracts are located in the dorsal part of the lateral
funiculus and crossed tracts ventrally thereof In the cervical region
the uncrossed tracts activated from forehmb afferents occupy a
larger area than those activated from hindlimb afferents — Group I
muscle afferents activate only one ascending tract It 1s uncrossed
and ascends 1n the middle third of the lateral fumculus This tract
13 not identical with erther the dorsal or the ventral spinocerebellar
tract Itissuggested that these two tracts lack foreltmb components
— The d 1 tract d from low threshold
afferents and terounating 1n the lateral cervical nucleus seems to
onginate from both hindlimb and forelimb levels of the cord

There 15 now considerable knowledge about the orgamzation of coarse
fibred ascending spinal tracts activated from hindlmb afferents in the cat The
properties of the spinocerebellar tracts and several other ascending systems are
known 1 detail (¢f Luwpsero and Oscarsson 1960 1961 19522 b) On the
other hand, there 15 hittle information about the tracts activated from forelmb
afferents The present investigation 1s introductory to a serzes of studies planned
to explore the organization of these tracts It will be shown below that group [
muscle afferents 1n forehmb nenves do not actvate any forchmb component
of the dorsal or ventral spmocercbellar tract (DSCT or VSCT) Howeveny 3

68



ORGANIZATION OF FORELIMB TRACTS 69

volley i these afferents enoke a discharge m 2 spinal tract unknown from
previons W 1 with tracts d from the lumbar
enlargement of the cord

The preseat 1nestiganon 1s also closely refated to previaus swudies on the
general orgamzanon of sscending spinal tracts sn mammals (Macw and
Oscarsson 19620 Horagwist and Oscarssow 1963) Recording of discharges
w tracts actnated from handhmb affe suggests that d tracts are
jocared m the dorsal part of the lateral fumculus and crossed tracts sentratly
thereof 1o the lateral and ventral fummcult The present observattons show that
uncrassed and crossed forehmb tracts  have smular Jocations mn the cord

Methods

The expeniraents were done en cats under hght pentobarhitone anaesthesia Some
of them were performad at the same e as those descrthed 1 a previous paper (Hotst
vt and Oscarssoy 1962} The arumals were artificzally vestiated and flaxeds] was
gver to prevent reflexes The body temperature was kept between 36 and 38 C

‘The sccond carvical vertebra was ¢ The cord was d at the Jervel
of the second cervical roots and the dorsal {unseuh dissected free but left m conumnty
wth the cord at the caudal end of C3 m order 1o permst monstorng of tngomng volleys
from forehmb neeves The remmmng past of the spmal cord was divided along the
midhine and the cord halves spht wmte smaller subdivisions (called fascrcles  befow
¢f Frg 1) and recorded from as deseribed by Laporte Luvpsere and OscARSON
(1956} In some cases the laminertomy was extended at the end of the expenment for
makimng lesions or for recording the wigoug volley trphasically at the domsal root
entrance ar monophaucally from the cut dossal root

The deep rachal nerve {dorsal interosseus) and the superfionl radml nenve were
dussected blaserally and mounted on i In some also
Yundhank nerves were disected for il The i and d
has been des nbed before (LaPORTS 22 2f 1936 Macwr and Oscarssow 19622 Howx
QBT and Oscarssov 1963) When not especially stated the sumufus Strength was
15~~30 tunes chat evoking a barely percepuble mgowng volley The cross-sectuus of the
fascrcles recorded from were assessed as described by Howsgvrer and Oscarssow (1963}

Results
1 Generat argamzation of Jorelumb tracts

Certamn general rules have been recogmzed wn the orgamzation of ascend
mg spinal tracis actnated from hndbmb afferents {Masw and Oscarsson
1962 Horsgvist and Oscarsson 1963) Tracts n the dersal part of the lateral
foruculus are mono and polysymaphcally actnated only from ipsfatesal
nerves whereas more ventrally Incated tracts are moposynapuieally actwated
only from contralaieral nenes and pok prically from both ipsik
and contralateral nerves We have now shown that these rules apply also to
tracts activated frem forelimb afferents

Three dusected faseicles (s see diagram) were vecorded from i the
expenment of ¥1g 1 The upper and lower traces 1n gach set of vecords show
the mags duscharge 10 the wdicated fascrcle at tno speeds The muddle trace 1n
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Fig 1 Discharges recorded at the third cervical segment from tracts activated by stimulation of
ipulateral and contralateral muscle (deep radial) and shin (superficial radial) nerves m the
forelunbs The records were obtained from the dissected fascicles r—ui as indicated The upper
and lower traces show the discharges on a fast and slow tune base Middle traces m A—D show
ascending s olleys recorded from the disssected dorsal funicul: at C3 Time scales 1n msec Distan
ces sumulating electrodes on the nerves — C7 dorsal root entrance 115 cm C7 dorsal root
entrance — recording place 4 5 em.,

the upper row of records shows the ingoing volley recorded from the dissected
dorsal funicult In the dorsal fascicle (1) discharges were evoked by stumulation
of 1psilateral muscle and skin nerves but not by stimulation of contralateral
nerves (A—D) In the lateral fascicle (u) large discharges mitiated by mono-
synaptic components were evoked by ipsilateral volleys (E F) Stumulation of
contralateral nerves produced only a small late actnaty (G H) In the ventral
fasaicle (in) monosynaptic discharges were elicited by muscle and cutaneous
afferent volleys 1n contralateral nerves (K L) The discharges evoked from
psil 1 nerves apy 1 on of group II muscle afferents and low
threshold skin afferents the long latency sndicates that the transmission was
polysynapuc (1, J)

This and other experiments show that the general organization of hindimb
and forehmb tracts 1s sumilar However the tracts actrvated monosynaptically
from 1psilateral nerves occupy at the C3 level the dorsal two thirds of the
lateral fumculus when onginating from the cervical enlargement of the cord
and only the dorsal one third when ongimating from the lumbar enlargement
(cf Hormgvist and Oscarssoy 1963)

2 Duscharges evoked from muscle affrents

The mgotng solley 1n the muscle nerve (deep radial) was analysed by monophasic
recording from the severed C7 dorsal root The group I solley reached a maximus? at
19 umes told 1o the exp n Fig 2 A—H The group 1L volley
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£y > Afferent fibre groups respons ble for the duscharges evoked u tracts actvated by tumula

tion of the spsilateral micle (deep radial) nerve in the forelimmb ¥rom the experiment also
own 1 Fig 1 1 show duscharges recorded from the doral fascicle {Fig 1 1) and O—T

discharges recorded from the Iateral fasacle (Big 1 1) Upper and lower mraces show she

charges recorded nmmltancousty on a fast sud slow tme base Aliddle traces show mgnng

volieys recorded from dissected dorsal fumeuls at O3 Sumulus steength relative to thresh 1d of

g;io;nﬂg volley indicated en each record Record Q s setouched ta show the solley 1 the dorsel

icuuy

A~H shaw the volley evoked by stumutation of the docp sadsal nerse an i recorded at the end
of the expeniment monophas cally fom the cut 7 dorsal root. Sumulus streagth refatve to
threshold andicated on each record. Assow imdicates small potental due to acivation of Jow
threshold group 11 afferents Time scales 1o msec. For dutanees wr F g 1

was barely perceptible at the same strength {C andicated by arrow) 1t became clearly
visible at bugher strengths of strulation {B—H) In other evpeniments e group X
volley became mavimal at § -2 0 nunes tireshald and the group IF afferents had a
threshold at the relative strengths of 1 32 0 + ¢ at a strength yust below that evoking
a waxmal group T volley These values are comparable with those abtatung for group
1 and Xf muscle afferents 1 undlimb nerves (Brock Eccrxs an) Rave 1931 Ecotes
Foctes and Lovpserce J957b Ecctes and Luvoeerc 1936)

Stunulation of group 1 muscle afferents did not evole anv actrary 1 the
dursal pare of the aterat furiculus 1 the clasacal region of the DSCT The
small discharge 1 the dorsal fasucle {1) Hustrated n Fig | A wasduetoa
volley s group IF muscle afferents as demonstrated o Fig 2 I—N from the
same experument The carly part of tus discharge appeared at 1§ tunes
threshold and reached a maxunum at 7 0 umes threshold The latency was so
shost a3 to tndicate monosynaptic transmuston fthe conduction distances are
gnenm Fig 1)

Suntlar obsenvations showed that the small earh discharge ebated

from
contralateral muscle nerves in the ventral fasescle (g} (Fig, 1 R) - T
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Fig 3 Three experiments made n order (o determine the segmental Jevel of the cell bodies
of the group I activated forelimb tract A—C show discharges recorded from the d ssected
lateral fumeculus at C3 on stimulatton of the ipsilateral deep radial nerve at shghtly supra
maxunal group I strength A was obtamed before any transecuon of the spinal cord B after
transecuion between the first and second thoracic segment and C after transection betwveent
the caghth cervical and fisst thoracie segment Time scale in msec The diagram shovs wo
experiments In one experument the dorsal funicult were transceted at successively more caudal
levels (open circles) mn the other the lateral fumiculus was transected at successively more
rostral Jevels (triangles) while the mass discharge was recorded from the dissected lateral
fumeculus at C3 on strmulation of the ipsilateral deep radual nerve at slightly supramaximal
group I strength Ordinate _amphtude of menosynaptic discharge 1n per cent of control value
Abscissasegmental level of transection following which the mass discharge was recorded and
m:]a:uéed The fourth cervical to sccond thoracic segments are indicated on the honzontal
scale See text

to a volley in group II muscle afferents 1t had a latency which indicates
MONOsyNApHIC {ransmussion
The large monosynaptic discharge tn the lateral fascicle (n) (Fig 1 E}1s of
special interest as 1t represents the only actvity n ascending spinal tracts that
was evoked by a volley 1n group I muscle aflerents from the forehmb nerves
In the expersment of Fig 2 the discharge appeared At a strength of 1.3 nmes
* threshold (O P) and grew to a maximum at 1 9 (R) In the various experments
the threshold of this discharge varied between 1 2 and 1 4 and the myamu
was obtained at, or shghtly below maximum for the groupI volley Therelatn ely
high threshold may sigmfy the need for spatial summation or 1t may ndrcate
that high threshold group I afferents alone contrbute excitatory action The
threshold of 1 2 to 1 4 45 smular to the threshold of group Ib afferents i hund
hmb nerves (Brabrey and Eccues 1953, EccLes Eccres and LUNDDERG 19573}
This might suggest that the foremb tract recenes exciation from Ib but
not Ia afferents
It was 1mportant to obtain I data the group I act
forelimb tract for a comparson with the likewsse group I actrvated dorsal and
ventral spinocerebellar tracts Fig 3 dlustrates three experyments made
order to determine the level of the cells of onigin The mass discharge was not
ably reduced after transcction of the cord between Thl and Th2 but
hed following a berween €8 and Thi (Fig 3, A—C) The

ted

apprect
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¥ig % Locanon of the group 1 activated forel mb track at the Jowex
CF level. The spunal cord sector cantamang this tract i3 sadicated
by vertweal harching For companson the sectors are shownwhich
contam the dorsal {horzontal hatching) and ventral (st ppled)
spwocerebellar tract { f Houquast and Oscapssov 1963]

decrease after the second Jesion was partly due o mterrupsion of the prunary
afferents which enter the cord through the €7 C8 and Thi dorsal roots Tt
concluded that the discharge was not relayed m cells located caudally of the
darsal soot and actnvated by d ding branches mn the dorsal
fi as might be sugg d from the 1 observauons of L {1956
of Grant and Rexep 1958) The level of the synaptic relay was then determuncd
by transecnon of the dorsal furiculus {tterruption of presynapuc fibres) at
:ucct:sswdy ore czuda! levels {apen enrcles) and by transection of the lateral
pue axons) at successtvely more rastral
Texels (manglcs) “while thc effect on the mass discharge was watched by
recording from the lateral funsculus (ig 3 diagram) The expenments show
that the relay occurs at or shghtly above the Jevel of the dorsal root entrance
The Jotanon of the group § atuvated forehnub tract was assessed from
secordings made from the Jarge number (32) of vanously dissected fascicles m
the C3 segment The tract ascends m the middle thrd of the lateral fumenlus

veatral of but pastly overlapping the area occupred by the VSCT at this jevel
(Fz 9

3 Dustharges evoked from cutaneons afferents
Thc large discharge evoked 1n the dersal fasaicle () i Fig 1 B had sumlar

as the d ge 1 the de dial cutaneous tract desenibed by
Luvosers and Oscarsson (1961) 1t had 2 smilar location i the card was
’mu‘no!)napucany chcited h) abarely vinble mgawng volley and had arepetitive
It d that thiy disch was evaked wn the foreimb com
posent of the dorsomedial cutanenus tract

A small early discharge appeared w the lateral Bscicle (u) (Fig | F) ata
strength of about 15 tumes threshald The latency indicates a monasynapuc
iinkage The small } drsch evaked m the veneal
fastacle {ws) (Frg 1 L) had anly a shghtly longer latency (0 1 msec) than the

Rarge ipsifateral duscharge 1n the dorsal fasercle (B)
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Drscussion

Thss nvesugation has shown that the gcncral organszation of coarse fibred
ascending spmal tracts d from fie 13 surnafar to that of
tracts actnated from hindhunh afferents tracts in the dorsal part of the lateral
fi lus recess e mono: exclusively from spsilateral afferents
and tracts Jocated wcntrally thcxcof exclusnely from contralateral afferents
It has previously been argued that the former tracts are uncrossed and the
latter crossed at the spinal level (Macns and Oscarsson 1962b, Horwgvist
and Oscarsson 1963)

Except for these general findings our experiments demonstrated considerable
differences 1n the org of tracts or g from hindhmb and fore
himb levels of the cord The group I muscie afferents in lundbimb nerves actnate
exclusively two ascending tracts the dorsal and ventral sprnocerehellar tract
{DSCT and VSCT) (Luwnsere and Oscarsson 1960 1962a) Only one spinal
tract was actnated from group I afferents in forehmb nerves This tract 5
disunguished from the DSCT and VSCT by 115 anatomical charactenssties It
differs from the DSCT 1n ansing from cell bodies located rostrally of Clarke s
column and having a ventral position 1n the cord and from the VSCT 1n being
uncrossed Our observations are o agreement with recent anatomical observa
tions on the spocerebellar tracts Grast and Rexep (198) showed that the
cells in CLARKE s column are innenated exclusively by aflerents 1 the dorsal
roots caudally of the first thoracic segment Termnaf degeneration s» the
cerebellar cortex 15 bzuted to the hindhmb areas not only when the spmocere-
bellar tracts are severed in the thoracic region but also when they are severed
i the cervical segion (Grant 1962b) Hence anatomucal and physwologieal
experiments indicate that the DSCT and VSCT forward information from the
Hundlumbs but not the forelmbs

It may be asked whether the type of informatian conveyed by the spao-
cerebellar tracts reaches the cerebellum through other pathways when onginat
ng from the forehimbs The bellar tract m the cerebell
10 & manner resembling the termination of the DSCT but reaches exclusiely
the forelimb areas (GRasT 1962a; It has recently been shown thar ths tract
contains proprioceptine and exteroceptise components simular to those 18
DSCT' and condudrd that the two tracts are largely equnalent as channels
of information from the forehmbs and hindimbs respectnnely (Howwgvish
Oscarsson and Rosia 1963)

The possibility should be considered that the group 1 activated forehmb tract
15 a funeuonal homologue 10 VSCT Howerer the observanons of GrANT
{1962b) that &ransccunn of the lateral funiculus in the cervical region does not
result 1n outnde the hundhumb areas of the cerebellar
cortex sugyest that thus 1ract does not yeach the cerebelium unntercupted by
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synapuc relays A further discussion of this tract should be postponed until
1ts ter and detailed fi 1 org; are known

Qur results show that some tracts are exclusn ely related to ather the hind
Limb or forelimb region of the cord Other tracts such as the dorsomedsal
tract activated from low threshold fe and ter in the
Iateral cervical nucleus (¢f Lunpeerc and Oscarssov 1961), seem to onginate
from both hindimb and forehmb levels Further studies are needed to determune
whether the diffe between hindhmb  and hmb tracts reflect
vanous anatomical arrangements subserving the same functional task, as with
the DSCT and the cuncocerebellar tract or if they sometimes reflect more
fund: 1 diff m the of afferent ck Is from hindlimt
and forelumbs

This invesugat on was supported by a grant from the Swedish Medical Research Counail
Techmeal assistance was gaven by Mr A Jowssox and Miss ULLA PErssox
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Abstract

Boow G U S v Fuirr and M Frankenuasuser Catechol
amune excretion and personality travts in paratroop trawmces Acta physiol
scand 1963 §& 77—89 —~ The excretion of adrenaline and nor
adrenaline 1 unne was measured 1n paratroop tramecs and officers
dunng mght rest ground framng and durmg 2—3 hour periods
under which yumps were performed from traiming tower and from
awrcraft The mean adrenaline excretion 1n the tramnees was 33 4+ 05
ng/mn during mght rest and 88 3- 10 ngfmun during ground ac
twity For periods mcluding jumps mean adrenaline excretion was
significantly increased to values of 17 4—~199 ngfmun The mean
noradrenaline excretion was 112 4 20 ng/min duning might rest
236 3 26 ngfmun duning ground actvity and 21 1—38 } ng/min
n peniods under which Jumps were performed No diffcrence tn
catecholamine excretion values was observed between officers and
tramees  Increased pulse rates were noted during preparatory
procedures preceding a Jump and lowered blood cosmophil levels
observed after the Ist parachute jump Witlun the present small
sample of subjerts 3t was not possible to obtamn reliable coefficients
of corrclation between baac personality traits and excretion of
adrenaline and noradrenaline but some of the rating techmques
used for assessing personality traus proved highly reliable and hence
well suited for future research in this area

The "

of to stress has d

nterest 1n recent years both from the point of view of obitaining information
on the bodily changes occurring under stress situations and with regard to
the posability of selecung personnel suntable for speeial tasks and missions

7
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In addition to measurement of arculatory parameters such as heart rate and
blood pressure attempts have been made to utilize other functions which are
known to be infl d by the penie system such as gahame
shin resistance and EEG (Snovs 1961) The relationships between the adreno-
cortical svstern and stress, first pomnted out by SELYE (1950) has led to studies
of the excretion of steroids and steroid metabolites 1n unne and steroid levels
1n blood Changes in the unnary output of 17 ketosteroids have been reported
as a result of stressful actinaties (motor car races boat races test flying) (P
cts and Hoacraxp 1943 Frost Drver and hontstaeor 1931) butdo not
seem 1o be 2 constant feature in stress (Covver Cooper and Repreary 198
Levt 1961)

The derelop of the techmque for the diffe )| of nor
adrenaline and adrenaline 1 unne has made 1t possble to study more m
detail the effect of stress on the actvity of the adrenergic nene system on
the one hand and the adrenomedullary secretion on the other In thus way
1t has been demonstrated that following varying types of mental stress such
as apprehenston anxiety umstation and exatation an increased excretion of
catecholamines ensued 2s a regular phenomenon On most occasions 1n which
the sttuation chiefly had provoked apprehension and anxiety or otherwise
was pereenved as disagreeable an mncreased adrenabne output has been ob-
senved while the noradrenaline excrenon has been, on the whole unchanged.
Increased adrenaline ercretion has been reported 1n connection wath examina
uons (PERRARINEN et al 1961) under stressful working conditions {LEvt 1951)
dunng emotional stress ‘EULER et gf 1929) and 1n association with psycholog
cal tests (FRANKENHAEUSER and Post 1962) In other siuauons usuall) w
volirg exaitation wath or without physical activity, noradrenaline output has
been ncreased /Gooparty and Braaawx 1960 Etstanpian Hore and Laso¥
1957 Snverma. and Comen [060 FraswexHarusgr and RAresy J%2,
FRANKENHAEUSER STERRY 2nd Jarre 1962)

Results from some of these sns d; a diffe ] eatechol
amune excrevon m dufferent emotional states anxious reactions tend 0 be
asociated wath inereased adrenaline excretion and aggressie seactions with
increased noradrenzline excreton (wath or without inereased adrenaline) The
findings sugges: that catecholamine excretion might be related to basic pet
sonaliry trants In this connection st may be recalled that physical work alore
cavses an increased output of noradrenaline (EULER and Herisex 1922) The
effect of fiviag on the output of catecholamines in urine has previousl been
subject to a hmued sindy (Etier and Luwpeerc 1954 showmng that 2
transportanen as such may increase the adrenaline output o unexpencnced
subjrcts Increased catecholamune exeretion has also been teported dunrg
supersomic flight tests (Hare 1962 "

Dunirz 2 penod of mulitary service at the Paratroop Trarung Center 0
the Swed B Army  Iocated 1o Rarksborg Sweden favgurable condisons wert
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offered for one of us (G B) to study the reactions toward the stress mvohed
1n the rather specific actvty of parachute Jumpmg The mvestigation his
included a study of heart frequency rates wmn connection with traimng flights
blood o mophil levels before and after parachute jumps and also an estuna
tion of catecholamine excretion 1 urine durmg mght rest under ground ac
tmty and after jump from tramng tower a3 well as from arrcraft n flight
Furtk y of some Lty traits were d by ratngs
performed by the tramees themselves as well as by officers 1 charge of the
trainees

Material and methods

In this ;nvestigation 15 Swedish Army soldiers 1 airborne traming were randormly
chosen from a platoon of 40 recrwsts whach had volunteered for the paratroop branch
of the services The platoon mself had previously been selected from three origmal
platoons ¢ ¢ around 120 men 1n alt

During paratroop traming a ¢eftamn period 15 almost exclusnely devoted to the
parachute jumping stself This peniod generally of 2~—3 weeks duration mcludes mten
swe ground traming i landing techmques flight traiming tn order to accustom the
tramees to flying and to siuations which may occur while arrborne jumping from
various traiung towers — providing the sensation of Jumping inte and falhng through
space as well as an opportumty for traimng landing techmques — and lastly toward
the end of thus pertod the tranees will perform several yumps from aircraft m flight

The group of tramers was studied from the beginning of the special jump traming
pened to the eighth parachute yjump For the sake of companson and also to establish
whether or not an alteration m mode of reaction may follow upon frequent parachute
jumping a group of non commussioned and commussioned officers having performed
from 14 to 80 jumps was mncluded 1n the matersal

Heart rate

The heart frequency of the trainees was measured 1n connection with thexr first
trammg fights These flights which do not mvolve any jump are included m the
training program in order to familianze the tranees with awrborne conditions On
these occasiops the subjects are confronted wath the sensation of standing m the open
eat viewing the ground while flymng at the exact alttude and with the same speed
© be mantmned in the first real jump Pulse rates were determined upon the first
traming fhght a) m the aircraft while grounded immed:ately before take off and
b) while airborne directly upon returning to seat 1n plane from position at open exit

Blood tostnophul levels

Eosinoplul counts were made on blood smears upon three occasions duning the in
vestigation period Blood samples were taken from the finger tip of the subjects and
smears were made immediately The latter were air-dnied and fixed 1n methanol
Differential counts were performed on the smears after stammg with Giemsa Two
hundred leukocytes were counted m every smesr and the percentage of eosinophils
calculated on the basis hereof The blood counts were performed at a hospital hema
tology laboratory by personnel well trained 1n such procedures

e first cosmnophil count was made on trawmnecs at the same time that ught excre
tion values of catecholarmunes were determined @ ¢ before starting ground tramng
for parachute jumping but after 2bout 3 months of ordmary infantry drlimg The
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Toble 1 Pulse rate calecholamine excretion and blood eostnophul letels 1 trawnees

Subgect | Traming flyphe Night rest Ground acuvity | Tower traimng
Pubse rate
ey ) NA A | Na A NA
stTess exposure ng/mun ng/min ng/mn
H P ne - -~ 49 182 51 522
2 8t 8¢ 62 155 71 204 - -
3 90 96 17 55 85 141 - -
4 78 8t -~ - 38 179 109 37
5 83 108 - - 129 343 168 e
[ 100 120 17 68 s 255 209 410
7 72 90 39 146 153 213 180 419
8 72 78 44 139 150 514 28 403
9 60 70 71 63 56 182 105 335
10 90 102 33 67 77 16 208 420
1 7 7 -~ - 59 150 157 03
12 8t 9% 33 204 75 315 - -~
13 100 120 - - 108 227 137 237
14 “ 20 - - 77 235 uz 356
15 84 88 - - 67 252 178 414
Mean and
SEM  |824:+29(936+40(33405 [112420] 88£10]236£26]161:+11[381430

second count was made in connection wath the first jumpin the tratning tower and the third
count lastly wasmade on blood samples taken 1/2—1 haur afier the first jump from arcraft

Lstimation of advengline and noradrenafine excretion 1 urne

Unne voded voluntanly was collect d and adgusied to pH{ 3 £ 02 by addition
of 1 N hydrochloric acid At the start and the end of the coflection persod the bladder
was emptsed and the volume measured Samples of about 50 m! were kept mn the re
fogerator and sent within two days to the laboratory for analysis Previous tests have
shown that the catecholamine content of the urtne »n maintained unchanged 2t the
pH used dunng several days at roomn temperature (Lurer and Lisiajxo 196G1)

Night urine was collected between (0 p m and 7a m Samples were also colleeted
during 2—4 hours of ground duty including routine excrcuse and during periods
2—3 hours inclucing jumps from the trainung tower and from the aircraft

Urne samples were collected from cach of 8 oflicers on two occasions a) under 3
2--3 hour period of non strenuous routine activitics at the camp and b) under a penod
of similar length i which a parachute yump was performed

The urine samples were exther kept in the deep freeze s the laboratory until analvzed
oc immedrately processed according 10 the technique of Loepr and Lisuagxo (1 961)
“The method 1 ol &3 adsorption on alumina after adjustment to pH B 2 with 1 N NaOH
clution with 025 N HAc oxdation with fernicyantde after ad of pH 0 6%
transformation to fuuncs with alkaly and ascorbac atid and reading mn a fluonmetel
using 2 filter sets according to Conen and Goroennrre (19:7) This technique allows

1 of free adrenaline and 1} Recovery of a
catecholamines 15 75—85 per cent All values arc untorrected and expressed as hydro

chiendes of the amines 1 ng per min
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st jump Suxth jump E gheh yumd (ught}] Eos Enas Eos.
216 96 1316
A Jne A 1ar A Iy (mght | Gover | (i
aglhmn ngfoun aglmm rest) traumnglf wnip)
175 Y3 - - 273 331 1 i 2
- -~ - - 30¢ 557 0 ] -
120 9% 350 383 169 315 2 ¥ b}
232 248 - - [¥34] 208 K 6 1
317 %3 - - 233 261 4 5 1
§79 162 - - 250 492 1 — i
137 25 7o 344 98 425 4 2 3
- - %3 376 284 3B 2 ] -
74 uz k] 343 94 356 5 2 3
132 91 173 270 176 201 - hid 1
183 198 - - 3 363 i 2 i
b3B] 272 - - 157 184 - 3 4
270 35¢ 120 259 197 351 3 2 o
225 293 131 g 150 e 3 - 0
96 256 - - - - 1 4 -
193512120 1422] 17442 4§343423 10041 6{936228] 224004 { 26+0 5 {1 4204

Ratings of personalty trarts

Each subyect rated all wibytets mcluding imself s 7 personality sarables In add:
von & officers rated those subjects with whom they were well acquamted Thus 3 sets
of ratings were obtamed fellow raungs officers fatings and self ratiogs The sub
Jects were assured that the ratings would be treated confidentually The procedure
snstructions and definttions of varsables followed closely those waed by Magvusson (1959)

Each vanable was first ch i by a general d The ratngs were made
ont a 7 point seale the two endpomnts of which were defined a3 flustrated n the fob
lowing exanple far the vanable  opposttonal

1 Loaks up to and admucs 4 Average 7 Oppositional
unentically a person m Dehant
autharsty Wikl not subnut to authority

“The other vanables were extrapunitive malsdiusted anwious cheerfi)  sociable
and vital

The ratings were performed far one vanable at a tme for all wdwiduals 1 the group
Tor each subject the mean of al felow ratings and the mean of all officers satings
{0 most cases 3¢} were used for each vanable

Results
The results of the sanous pha ¢s of the wnvestigation are presented in Tables
I aad If and represent vafues obtused from the recrtaes during dufferent
siuanons tn ther rratung wnd from officers before and afier parichute jum o
In the tables aniv those sutyects have been mncinded from which bo/ﬂ
6833013 Acta physnol scand Vol 58
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I Ban
D NORADR

NiGHT T
REST th h

ump
(NIGHT)

Fig 1 Adrenal ne and noradrenahne excretion in ng min in paratrooper tramnees duning n ght
rest ground actinity tower traiming and dunng | st 6th and 8th (night) jump

Mean and S EM

values and values duning onc or the other form of jumping have been ob-
tamned The statistical significance of dufferences in heart rate blood eosinophil
levels and catecholamine excretion during the various cxpenimental cond!
tions has been determined by t tests of mean intra pair differences (sec ¢ £
FistEr 1948 for a deseniption of the application of the t test to dafferences 12
single 1ndividuals)

Heart rate

As seen in Table I heart frequency was mncreased 1n 14 of the 15 subjeets
and urchanged tn one indivtdual after experiercing the sensation of standmg
in the open et of the plane viewing the ground while travelling at the sam¢
zltitude and speed later 1o be used in actual jumps The mean ncrease was
11 2 beats per minute and the range 0—20 (P << 0001}

Blood cosimophil levels

Eosmophil counts in the trainee group on blood samples taken in the be
ginming of the jump traiming peniod while only ground exercise was beirg
camed out showed an average percentage of 22 = 04 A count made 00
samples collected after the first jumps i a tramng (ower showed simib?
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Table I Catecholamne excretion sn officers ngfmin mean 5 E Af

Subject Number Ground activity Jump
ofyumps |71 NA A IS
1 m 11 ns 289 s
2 16 60 202 240 22
3 6 72 165 174 67
+ 14 145 322 27 37
5 3l 6 111 99 263
6 16 68 21 91 a7
7 8 88 26 146 247
8 60 s 26 242 332
Meanand SEM | 8312 | 229%24 | 186x21 | 360148

values (26 4 05) In blood samples taken shortly after the first jump from
an arcraft in fight the eosmophul level was markedly lowered (14 £ 04)
The difference between eosinophul levels dunng ground activaty and the first
Jump was statistically sigmficant (P << 0 01)

Catecholamne excrefion wn urine

As seen wn Table I and i Fig 1 the mght excretion figures are low both
for adrenaline and for drenaline 1n the trainee group which 15 1n agree
ment with earlier obsenations on resting healthy subjects

Dunng ground actwaty mvolwing a eertam amount of physical exerase,
the excretion rates are about twice as lugh as during mght rest which agmin
13 1n agreement with earher experience (Euvrer Heriner BjorxMan and
Orwex 1955 hawmss 1836) The wean adrenalmne values are less than 10 ngf
min mdicating 2 low activity of the adrenal medulla

Escretion values are also given from periods including tower traimng and
Jumps from aireraft on 3 different occasians the first the sixth and the erghth
the last one bewng performed at rught Dunng these conditions the mean ex
cretion of adrenaline was sigmficantly hugher than dunng ground actuvity at
the same period of the day (P << 0001 for the dufferences between ground
activity and tower tramng first and eghth (might) jump P < 003 for the
difference hetween ground actwty and sixth jump) The adrenaline excreton
was also sigmificantly higher duning the eighth (might) jump than during tower
trammng (P« 000) whereas the excreton duning the other conditions
\olvmg Jumps euhcr m the traymnag tower or from the awcraft did not differ

drenaline values were tel ly hugh 1n three of the
seties but norma.l i one The excretion dunng the sixth and eighth Jump was
ugnificantly hugher than during ground acuvity (P < 005)
&+ —633015 Acta phynol scand ¥ of 58
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ADR D NORADR

ng/min OFFICERS TRAINEES
0 CHUTE
PARACHUTE
hy [ JuMps MUMPS
Rr GROUND GROUND
28 ACTVITY ACTIVITY

Fig 2 Average adrenaline and noradrenaline excretion 1n ng/min i officers and fraumecs
during ground activity and parachute jumrs

The catecholamine excretion values obtamed from the officers group did
not differ in any respect from those of the trainces as seen from Table IT and
Fig 2 InFig 2 the average excretion figures are given for officers and tramees
the values from all jumps 1n Table I being averaged

Personalily travts as related to catecholamine excretion

Reliabilily of personality ratings — The rehabiiity of the fellow ratings and
the officers ratings was esumated by the spht hall technique (Spearman
Brown s formula) In addi i of 1 between (a) fellow
raungs and officers ratings (b) self ratings and fellow ratings, and {c} seil
raungs and officers ratings were calculated 1T are
shown i Table IIT

The coeffi of reliability ob d for the fellow ratings werc high and
the officers ratings although based on fewer data also showed a satsfactory
rehability Likewise the agreement between fellow ratings and officers ratings
was reasonably good except for the vaniable intropunitive — extrapunitiv€
Scif ratings on the whole showed higher correlations with fellow ratings than
with officers ratings For both sets of data thevarables ntropumitive —extrd
pumitne and confident — anxious showed low correlations Thus indicates
that self ratings may provide additional information 1n respect of personalty
traits that are not mamfested 10 behaviour

Reliabsluty of eatecholamune talues — Table IV shows the cocflicsents of correl
tion for adrenaline and noradrenaline, respectively under the varsous =

o1 corr
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Table 1T Rebability coefficrents for fellow ratings and officers ratings (split kalf coeff )
and coefficients of comvelation between fellow ratins officers ratun,s and self ratings
Vanahle Fellow { Officers | Fellow [ Self Sett
raungs | ratgs | ratings | ratmgs | ramngs
and and and
officers | fellow | officers
ratngs | raungs | ratngs
1 Believing 10 authonty—oppantional 93 58 73 52 69
2 Intropumitn e—extrapunstine 9t 68 ”» 29 — 0t
3 Well adjusted—maladjusted g 68 51 64 63
4 Confident—armious 84 36 67 20 10
5 Gloomy—cheerful 3 90 63 67 36
6 Unsociable—socuable 9 8 20 (3 5¢
7 Lacking witahty—stal 9¢ 76 81 51 15
Table IV Coefictents of corvelatuon for adrenaline and noradrenaline ralues from different
expenimental conditions
Adrenaline Noradrenaline
Fiest Sah Eighth First Sixth Eighth
Jump Jump yump Jump Jump Jump
(ught) (n ght)
Tower trumng| —03 89 84 —36 —03 —15
Furstyump ~26 44 —ot -u
Suxth yjump §9 26

Table v Cocfficrnts of correlation betceen ratings and means of catecholamine values from all

atress conditrons

Variable Adrenaline Noradrenaline

Fellow | Officers | Self Fellow | Oficers | Scif

ratings raungs Tatngs raungs ranngs Tatngs
1 Oppont omal -3 -3 -3 Ul 26 — 0o
2 Extrapum ¢ | —03 -0 38 25 32 —10
3 Maladjusted —26 01 -0 2» 57 39
4 Anxious 5 18 6 1> 35 63
3 Cheerful ~28 -21 o5 - 07 — 45 -2
6 Sociable —.25 —-07 15 —-13 —18 —2c
7 %t —-13 - 02 —28 -3 —35 —fs
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penmental conditions For adrenaline most correlations were reasonably hsgh
whereas for noradrenaline they were low and mostly negative

Corrtl. betueen p ity tratts and hol excreton — The mamn
comparison was based on the individual means of the catecholammne values
for all stress conditions (tower traumng first, sixth and eighth jump) The
correlations between these mean values and the various ratmgs are shown 11
Table V

The correlation coeflicients were on the whole low compared with the stand
ard eror for a zero correlation, which for the present sample size 15 0 267
The agreement between the two sets of corvelation coeflicients for fellow ratngs
and officers ratings was reasonably good whereas the sclf ratings showed 2
somewhat different pattern, in particular the disagreement was pronounced
for the vanables —extrapumtive and fident — anxious

Discussion

Parachute jumping appears to provide a rather umique situation 1n which
10 study the reaction of an mdwvidual to the anvety and stress of a tensc hfe
situation  The voluntary jumping into space from a fast moving aeraft un
doubtedly 1nvolves strong potential and even real threats to hfe and thercfore
Jacks nothing 1n the way of tensiop The perhaps greatest advantage, at Jeast
from an mvestigatory pomnt of view 1s the rarcly encountered constancy and
reproducibibity of such a situation

The group of awrborne volunteers studied here constitutes a rather iomog
enous group with regard to ¢ g age, sex and physical health Although the
group can thus hardly be considered as representative of ¢ £ the total populs
tion the homogeneity of the sample 15 1 1tself an expenimental advantage
since 1t muts some sourees of vanability although at the same time 1t s
the generality of the findings {(Basowrtz efal 1955)

The results presented indicate important effects n the vegetative sphese
1 subjects performing parachute jumps Previous invesugations have shown
that even transportation of untramed subjects by air involves a certain mental
stress g uself by d release of adrenalme from the adrenal
medulla and subsequent nereased excretion through the unne (Cuter and
LirspserG 1934) It is therefore hardly surprising that parachute jumps, €v¢8
1 selected personnel should grve nise to reactions conductve to 1ncHt
adrenakne secretion It 15 also anteresting to notc that the average reaction
was almost identical in tratnees and in officers whose experience was greater
This suggests that the reactions to the stress imolved 1n parachute jumps are
not subject to habituauon such as has been shown to occur during Teptat I
exposutes to gravitational stress in a human centrifuge (FRANKENHAEUSER el

1962)
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The adrenaline values obtamned 1 mght unne and dunng ground activity
were stmlar to those obtamed in other studies The mncrease as a result of
parachute yumping was relatnely moderate but 1t should be noted that the
figures represent the average excretion rate over 2—3 hours and that the
actual peak secreton mught have been consderably gher On the other
hand 1t appears bikely that the anticipation of the yjump would have con
tributed to the d figures since 5 stress has p ly been
shown to gne nse to a marked increase in adrenahne output {FRANKEN
naevsir and RAresy 1962) The noradrenaline values were low during the
nught rest as shown previously and increased during ground acuvity m day
ume Part of this effect 15 due to the upnght positon (EuLer Lurr and Stv
pv 1955) but it 15 probable that physical acuvity included 10 the tramng
program has contnbuted to this cffect Except for the first jump the nor
adrenahine values were fairly umformly increased

The specific nature of paratroop duties requires agxhty and stamina The
wmportance of physical fitness 15 therefc ty mn p
traiung and superb physical health 1s a mam qnahﬁcauon for clxglbxht) to
this branch of military service It 1s concenable that the moderate average

1 L 15 a g of these qual re
flecting good mental halance m a stressful situation

A drop m the number of blood eosinophils has been reported 1 a wide
vanery of physical and psychological stresses by Basowrrz etal (1955) The
findings 1n the present of a blood phal resp i connec
ton with the tramnees first parachute yump are m good agreement with thar
results These authors found also in paratroop tramees that while severe
physical activity did not cause a drop 1 eosinophil numbers antictpation and

Jumping from a 250-foot mock tower or a plane m fught produced a marked
eosinopenta

The present matenal 15 too small to allow a systematc mvestigation of the
problem of a possible correlation between basic Ppersonality trants and catechol
amene excretion dunng stress The data collected have been presented mainly
to 1l m a prel Y way the appl of p lity rating tech
niques to psychophysiological problems

The high relabihity coefficients obtained for the fellow raungs show that
the techmuque was well swited for the conditions of the present experiment
The coefficients of correlation for the catecholamune values from the vanous
experimental condmons showed a large wanabnhty and are difficult to inter
pret The relatnely hugher for ad as pared with nor
adrenaline cxcr:\um may mdicate that adrenaline excretion 13 2 basic emer
geney reaction of an orgamism exposed to stress whereas the noradrcnalmc
response may be associated with complex psychoph 1
and hence the amount excreted may tend to vary for the same indnvidual
1n different stress situations
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The correlations that mught exist between personality traits and catechol
amne excretion will necessanly be weakened, or even obscured by the low

Labihity of the mdividual ho! values Hence the present daa
only serve to provide suggestions for further mnvestigations In so far as the
correlation coefficients {Table V) exhibit a consistent pattern they may be
tentatively wnterpreted as indicaung that oppositional extrapumtine and
maladjusted individuals have high {renaline and low adrenaline levels
whereas cheerful sociable and vital individuals have low levels and anxious
mdviduals high levels of both catecholamines The negative correlations be
tween noradrenaline excretion and vitalhity may indicate that vatal (energete
active) individuals, when confronted with a stress situation, need not mobilize
their emergency mechamsms as do individuals lacking vatality

This investigation was made posuble by the kind cooperation of the staff of the \irborne
Tramng Unit 1 Karlsborg as well as of the paratroop recruits who participated as subjects
Ve are especially smdebted to the commanding officer Major L Sjostromt for hus keen interest
1n the project The skilful assistance of Miss Karey NicorAussov and Mrs Incer Perrerssov
1¢ gratefully acknowledged Mrs PAULA Patxat has rendered vajuable assistance in the com
putauonal work.

The study has been supported by grants from the Swedish Council for Soctal Science Re
search State Board of Aviaton and Naval Medicine and the Air Force Office of Seientific
Research OAR through the European Office Acrospace Research Unnited States Aur Foree
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Aus der Minisch physiologischen Abteldung des harohaska Sjukhuser  Stockholm
Schweden

Arterielle O,Hb-Sittigung und alveolarer CO,- und
O,Druck der Ratte ber Aufenthalt
1w 2 000~7 000 m Hohe
von

Bernuarp TRIBURAIT
Emgegangen am 16 Oktober 1962

Abstract

TRIBUKAIT B drtertells OyHb Sattigung und alerolarer COy wnd Oy Druck
der Ratle ber Aufenthalt 1n 2000—7000 m Hohe Actaphysiol scand 1963
58 90~98 — Rats were subjected to hypoxia corresponding to an
altstude of 2 000—-7 000 m The oxygen saturation in arterial bjood
of d antmals was d d by the van Slyke method
For determunation of aly eolar carbon dioxide and oxygen tenstons un
anesthetized ammals were kept m a closed breathing system to which
a small amount of carbon monoxide was added From the pressurcs
of oxygen and carbon monovide i this system and the COHb and
O,Hb saturations together with the alveolar gas equations the al
veolar carbon dioxtde and oxygen pressures were caleutated The
©O,Hb saturation decreased from 91 °, at sea level to 83 65 56 and 39
o, at 2000 4000 6000 and 7000 m alusude respectively The
calculated carbon diowide pressures decreased from a predicted value
of 40 mm Hg at sea Jevel 10 35 32 17 and V4 mm Hg 202 00D 3 00D
6000 and 7 000 m alttude respectively These values for CO, ten
sions are in general agreement with those obsenved in man

Von den U hungen des Menschen und der hied Tiese het
15t wohlbekannt dass O, Mangcl die Erythropotese stumubert Wo jedoch der
S, ff bzw & ! 1n das komplexe Geschehen der Regulauon

der Erythropose.c eingraift st unklar Als emn erster Schratt zur Losung dieses
Problems 1st die Erythropotese der Ratte m Abhungiykeit vom Sauerstolldruck
der Emnatmungsluft und zwar ber hohem O, Druck und Hypoxie untersucht
worden Da relatne Blutwerte — Frythrozyten odesr Hb honzentration ==

a0
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nur emen begrenzten Emnblick 1n die Grosse der Erythropotese zulwssen 1stbey
diesen Untersuchungen vor allem auch das Gesamt Hb gemessen ssorden
(TrmukArr 1962 2, b)

Zur werteren Analyse dieser Befunde erschuen es wunschenswert die Ver
anderungen der Blutwerte mcht nur zum O, Druck der Exnatmungsiuit sondern
auch zum O, Druck und zur O.Hb Satugung des arteniellen Blutes relatieren
zu konnen Blutgasanalysen ber der Ratte unter Hypowe schenen jedoch zu
fehlen

In der vorhegenden Arbet sind deshald derartige Bestmmungen durch
gefuhrt worden ~— dic artenelle Sauerstoffsatugung direkt nach van Suvke
der aleolare O, bzw CO, Druck nach emem indivekten Verfahren das
eme Narkose uberflussg macht In einer nachfolt enden Arbeit soflen dann an
Hand dieser Exget die Verand der absol und rel Blut
werte bei varnerendem O, Dyuck der Eanatmungsluft analvsiert und diskutiert
werden (Trisurarr 1962 c)

Material und Methodik

Die Untersuchungen wurden an etwa 300 g schweren mannlichen Ratten (Wistar)
durchgefuhrt. Zur B dey nach vaN Styre

O,Hb
(VA SLvrE und Dens 1924) wurden die Trere zunachst fur mundestens 3 Tage n

Klewmen U Hypoxic d 2000-—7000 m Hohe ausgesetzt
Die 7000 m Tiere waren zuvor 3 Wochen lang 1n 6000 m Innerhalb von 30 mun
wurden dann die Tiere 1 eme fur hen Gebrauch: Unterdruck

Eammcr’ uberfuhrt und dort eroeut vor der Blutentnahme wemgstens 30 oun lang der
den Hohe 1n e dm Teeren son der Bauch
aorta ctwa 5 ml Blut anarob mit emer ail nG
tnmommm Enlsprcchend den Angaben von Barrrrs et a] {1959) war zur Glycolyse
un ung der 59 igen H ) eme 109, 1ge

NaF Lasung m glecher \fenge zugesetz Bis zur Analyse wurden die Proben m eisge
kuhitem Wasser aufbewahrt

Die H:
%% 1ger A
von s = 545 mp gemessen

Die mdirekte Bestmmung des alseolaren ©Q,- bzw CO Drucks beruht auf dem Hbe
Sathgungw erhalten von CO und O, he\ \tmung von CO 1n emem geschlossenen Atermn
system Das A sowie die Meth von CO und O, m der
Atemluft und von COHb bzw O,Hb m Blu!probcn von 00y—01 m) snd i Fmer

l;rouhc)rcn Arbert aufuhrhcher beschneben worden auf die verwiesen ser ( TRIBURAIT

von Pl ben wurde als Oxvh lobin 1 00+
h (Beckman BY bes emner Wellenlange

Ergebmsse

Der artenelle O, Druch hangt vom aleolaren O, Druck und der alveo-
laren len Q, D ab der al O, Druck vom Oy
Druck der Fnatmungsluft und dem Grad der Venulation 1m Verhiltns zum

Herm Dr v Dobefn der die Unterdruckk des €

Stockholm grosszug g zur \ erfugung stellt b n 1eh zu besonderen Dank rrpﬂ chet
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Tab I Luftdruck Oy Druck der Ewnatsungstyft {Foy (Po—47)] artervelle Oy Hb-Sattigung
Hieolarer €Oy Pruck (P,\C(,) daraus berechneter aleevlarer Oy Druck (PAO) der Ratte da
erschsedensr Hohe Mittelueste smi vuttlerom Febler

n = Anzah! der entsprechenden ¥ ersuche

Due Hohen Druckbezzehung entsprichs DIN 5450

Hobe |Luft | OyDruck  |u | OH6®  |n | Pagy Py, | Tagem

m druck | {Fo  (Pa-47)} Sathgung mm Hg g Unter

wmHg| mnHg druck

[ %60 49 22 (8862098

2060 598 s 8 1831359 ] 9 [u45L205] 736 i
B }348 096} 732 28

4000 452 87 8 1649:1:398] 9 IRz} 484 i
5000 403 75 7 {59Z44100 8 11944377 5I6 3
6000 35 64 7 (5631481 10 [ 16751461 ] 442 {234
20 15720151 436 |30~

2000 368 S5 7 139443277 10 | 1352370 384 3¢

Stoffwechsel dh dem €O, Druck und dem rospiratortschen Quotientea {f
Gleichung 2 abeslare Gasdruck Gleichung) Die artenelle O, Sattigung erpbt
sich aus dem O, Druck und dem Gt stkum der O, Hb D b
kurve Ausfuhrlichere dsesbezughehe Daten von hohenadaptiorten Menschen
untet verschied Hypouebed finden uch ua bes Humrano wnd
ASTE Savazar {1948) Rany und Ors {1948) 5 ferner Handbook of Respia
tion {19381

Est 15t nun aber mcht ohne weseres moghch diese Resultate auf andere
Sauger wie die Ratte zu ubestragen Deren hypoxische Atemreaktion 12 prak
tusch unbekannt und die O,Hb Dissomationskunie weicht so wesentich 1o
der des Menschen ab (Jowes et al 1850) dass mut Sicherhet fur anen g2
gebenen O, Druck wesentlich andere O,Hb Satugungswerte als besm Men
schest zu erssarten sind

Y Artenielle O Hb Sattigung unter Hypoxre

e artenelle O, Hb-Sattigung crgibt nich avs dem O, Gehalt und der 0O,
Kapazitat des Blutes Die Q, Kapaatat wusde in emer Untersuchungsiene 100
Blutproben zunachst direkt bestmmt Sie hetrug fur 12 Blugproben von No7
maltieren 1 31 & 0009 mi Oyfg Hb und fur 11 Proben von Unterdruckueren
128 4 0013 ml O,fg Hb Dic Differcnz st statstisch nucht yigmifikant (o=
810003 Aus desen h und der H, k wurde
dann ber den aktuellen VMessungen die O, hapazstit errechnet

Aus Tab I sind dse Here O,1b rie bey Meersshohe

5

2000 und 4000—7000 m Hohe zv ersehen Bes omer muttieren O, H1b-53tss
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gung von 6659, betrug der von 38 Doppelproben besummte N aration
koeff +£229% prechend £ 15 O,Hb-§

2 Alveolarer O, und CO, Druck unter Hypoxte

Aus praktischen Grunden war es nicht moglich dirckt 1m Blut den CO,
bzw O, Druck zu messen Es erschien jedoch ein indirektes Verfahren gang
bar, das vortedhafterweise emne Narkose mut emer esventuellen Einwirkung auf
die Atmung uberfliisig macht

Setztman Ticre 1n emem geschlossenen Atemsystem CO aus so gilt nach
dem sich ein Gleichgewicht emngestellt hat fur das Verhaltms der alscolaren
O, und CO Parualdrucke (PAO’ P,co) und die O, bzw COHb-Sattigung
(50,Hb SCOHb) die Haldane sche Gleichung

P, SCOHb ,
M7 By, SOHD o
Ist M bekannt und besnmmt man P,co SCOHD und SO Hb erhalt man
¥ 10, Fur Pao, Bilt werter prechend der alveol Gasdruckgleich
{BenziNsER 1920)

Fus e g [ o]

Py ist der aktuelle Barometerdruck 47 mm Hg betragt der Wasserdampfdruck

be1 37 C Fo 1t dic Fraktion (honzentraton) son O, in der Eanatmungsluft

RQ der respiratorische Quotient Sind Pyp, und RQ, bebannt hann die Gl

chung nach PACO’ aufgelost werden :
Ve

In den folgend wurde p d dieser Uberl von
Tieren die verschieden lange Zeit an Hypowue adapuert waren zum Versuch
aber akut in Meereshohe gebracht worden waren der P,,, besummt Voraus
setzung dafur, dass dic so erhaltenen Py, bzw P, \chrtc auch fur den
Hohenaufenthale selbst Gulugkert haben st dass sich die Atmung wahrend
der Versuchszert von etwa 2 Stunden 1n \Meereshoh b
halt noch mcht verandert hat Es st ferner praktisch wichtig dass sich die
CO Affinitat des Blutes von Hohentieren micht von degemgen normaler
Tuere unterscherdet Eime unveranderte CO Affimtat sst nambich Voraussetzung
dafur das ein glecher M Wert unter allen Bedingungen in Gleichung (1)
cingesetzt werden kann Um diese Frage zu prufen wurden 2 mi Blut von
Tieren die sich 4—6 Tage Hypoue entsprechend 5000 m befanden 4—36
Stunden rut exmem stromenden Genusch von 0 0199 % CO 1 Luft bex 37 C
und 100 °/ 1ger H,0 Sattigung m Tonometern nach LAvt (1951) aquibbriert
Die Tonometer waren gegen Licht geschutzt \Iit jeder hypowaschen Blutprobe
wurde gleichzeiig eane D 1] be welcher Plasma bis zu emer gleichen.
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Tab H COHb-Sattigury von Blutproben hypoascher (A) und
normaler Ratten (B) agqulibriert mt 0 01199 €O 1 Lyft
ber 37 C und Luchtabachluss fir 436 Stunden

\ersuch SCOHb % Dt

Nr A Y
1 47 66 +19
2 69 64 ~05
3 59 49 ~10
4 65 6.3 - 02
S 30 99 +10
6 102 w7 + 0.5

H; lobink b worden war, in gleicher Wese be

handelt Aus Tab II geht hervor, dass keine systematische Differenzen m der
COHD Satugung zwischen Normalblut und Hypoweblut bestehen Es nt
ferner von Interesse dass nach 36 stundigem Tonometneren (Versuch Mr €)
~ emne Zeit, m der sicher emn volles Glerchgewscht zwischen den Gasdrucken
und den Satugungsgraden errercht wird — die besden ervechneten M Weste
denselben Nennwert (201, 210) haben wie der von Normaltieren wn o be
stunmte {204 su )

Damut 1st die Voraussetzung gegeben von hypoxieadaptierten Tieren aus
Glerchung (1) direkt PAD‘ zu berechnen M besummt von 24 Normaltiesen
unter Berucksichtigung alvealarer Q, Druckverhaltmsse (PAco, = 40 mm 1
Broor ELLiorr und b AMOUR 1946, RQ = 080 Garrriru und Fanris 1942)
betrug 1m Mttel 203 7

Enuprechend Glerchung (2) wurde ferner PAto, berechnet wobes e2 RQ
von 080 (Sunpstroex und Micxarts 1942) angenommen wurde Aus diese
bet Meereshohe gewonnenen P‘m‘ Werten und den O, Drucken der Emat
mungsluft unter Hypowe ergeben sich wiederum unter Anwendung der
alveolaren Gasdruckglaichung die alieolaren Oy-Drucke der cnuprcchcndtﬂ
Hohen

Aus Tab I sind neben dem O, Druck der Etnatmungsluft die so erhalienct
alveolaren CO, und O, Drucke ber Hohenaufenthalt in 2000 und 40007000

m wahread erschieden langer Zet hthch

Diskussion
Die gefundenen alveolaren CO, Werte lassen erkennen dass zwischen dem
O, Druck der Ematmungsluft und dem ahcolaren CO, Druck hene lineare
Bexziehung besteht Bis zu ctwa 4 000 m Hohe sinkt der €O, Druck rd::m L;"Sn
sam nach Unterschrerten von 4000 m jedoch rascher ab Dieses Verhalte!
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Paco, mmtig

700 skm S 00 o 000 w00 o om

Abb 1 Alveolarer bzw arteneller €O Druck besm H halt von Mensch (gesch
Symbole mt mstlerem Verlauf) und Rattc (offene Symbote mut mttlerem Febler der Mattel
wert) Die Daten der hohenadaptierten Menwhen und folgenden Arbeiten entnommen DitL
et al (1937) Lurr (1941) Ramx und Ous (1948) Hourrapo und Aste-SaLazan{1918)
Ruteyetal {191) D e Werte der Ratte i 2 000—5 000 m Hohe reprasentseren je 8—9 Ticre
6000 m Hohe 19 bew 20 Tiere nach 2 bis 4 und 39 bs 99-tiggem Aufenthalt und 1
7000 m Hohe 10 Tiere

entspricht 1m Ganzen geschen den berm Menschen gemachten Erfahrungen
Das geht aus Abb 1 hervor wo die Daten hohenakkhimatisterter Menschen mit
den exgenen Resultaten verghchen werden

Auch mit emem 1] anderen mndirekten Verfahren ber der Ratte
gelangt man zu sehr ahnlichen Werten In emnem subcutan oder intraperitoneal
angelegtem Gasdepot (IN,) stellen sich nach emmger Zeit GO, und O, Drucke
em die wetgehend den venosen Gasdrucken dieser Zirkulationsgebiete
entsprechen und 1 emner gewissen Relation zu den artenellen Gasdrucken
stchen (Ramn und Canriep 1955) VerzAr und Voorx (1958) fanden so
ber emer grosseren Zahi von Ratten 1n 1880 m Hohe emen CO, Druck von
Tund 33 mm Hg in 3450 m Hohe emen CO, Druck von etwa 28 mm Hgund
1n 6 000 m Hohe emnen CO, Druck von rund 17 mm Hgsubcutan bzw mtra
peniteneal Auch mut dieser Methode kann man also unter gewissen Annahmen
Zu emer Auffassung des artenellen bzw aheolaren CO,-Drucks gelangen
ohne dass dic Atmung der Tiere durch Eingnffc wie eme Narkose verandert
wird Dies darfte emner der wesentlichen Vorteile des cben beschriebenen
@igenen Verfahrens sein Ein Nachteil daber st dass Annahmen gemacht wer
den normaler Py, =40 mm Hg RQ =08 dic im Emnzelfall mcht vallig

:

zutreffen mogen

Der Nutzeffekt cmes derartigen Abfalls des CO, Drucks mt sinkendem Oy
Druck 15t ohne werteres klar um prakusch den gleichen Betrag um den der
€O, Druck fallt steigt der O, Druck, Dieses Verhalten kann zu der eigen
arugen und vom hen Standpunkt aus gesechen
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Tab I COHb-Sattigun,, von Blutproben hypovischer (A) und
normaler Ratten (B) aquilibriert mt 0 01199 GO m Luft
ber 37 C und Lichtabschluss fur 4—36 Stunden

Versuch SCOHb 4 Diff

Ne A B
1 47 66 +19
2 69 64 -05
3 99 49 —10
4 65 63 —-02
5 80 90 +10
b 102 107 +05

1 lobink ation ak worden war, wn gleicher Wese be

handelt Aus Tab II geht hervor, dass kemne systeraatische Differenzen n der
COHb Sattigung zwischen Normalblut und Hypoweblut bestehen Es it
ferner von Intere se dass nach 36 stundigem Tonometrieren (Versuch Nr 6)
— eme Zert, 1n der sicher emn volles Gleichgewicht zwischen den Gasdrucken
und den Sattigungsgraden erreicht wird — die beiden ervechneten M Werte
denselben Nennwert (201 210) haben wie der von Normalueren m 1120 be
summte (204 su)

Damit st die Voraussetzung gegeben von hypovieadaptierten Tieren aus
Glewchung (1) direkt P, zu berechnen M, besttmmt von 24 Normaltieren
unter Berucksichtigung alveolarer O, Druckverhaltmsse (Paco, = 40 mm Hg
Broop Evrriorr und p AMour 1946 RQ = 080 C riFrirs und FARRE 1942)
betrug 1m Mitte} 203 7

Entsprechend Gleichung (2) wurde ferner PAco, berechnet wobet em RQ
von 080 (SuwpsTroEM und MicrArLs 1942) angenommen wurde Aus diesen
ber Meereshohe gewonnenen PAco, Werten und den (3, Drucken der Einat
mungsluft unter Hypowic ergeben sich wiederum unter Anwendung der
alveolaren Gasdruckgleichung die alveolaren O, Drucke der cntspr:chendm
Hohen

Aus Tab I sind neben dem O, Druck der Einatmungsluft die so erhaltenen
alveolaren CO, und O, Druche beir Hohenaufenthaltin 2000 und 4000—7000
m wahrend verschieden langer Zest ersichtlich

Diskussion
Die gefundenen alveolaren CO, Werte lassen erkennen dass 2w ssche:
Q, Druck der E luft und dem alveol CO, Druck kemne lineart
Bezichung bestebt Bis zu etwa 4 000 m Hohe sinkt der CO, Druck relanv inr:\s
sam nach Unterschreiten von 4000 m jedoch rascher ab Dieses Verhalten

n dem
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nichtnarkotisierten Hund (Arpers und UsiNGer 1956) und hamnchen {Wane,
‘Wirz und Verzar 1951) gefunden Im ganzen summen aber doch die erhalten-
en O,Hb Satngungswerte relativ gut mut den erwarteten uberein wenn man
von ahnhchen CO, druckbedingten Lageveranderungen der Dissoziations-
kurve wie betm Menschen ausgeht Schhiesslich se1 noch auf die relatv geringe
Strevung der Werte Jungewiesen, die auf eine ziemlich pleichmassige Atem
reaktion der Tiere unter Hypoxie hinwerst

In Abb 2 sind weiter die D: Lurven des Menschen und zweier i
Hohe lebender Tiere, des Llama und des Vicuna eingezeichnet worden Am
Bespiel der O,Hb D kurven dteser Hot 1t su erkennen,

wie wesenthch es zu sem schemnt und welche Wege dic Natur geht emnen

hohen artenellen O, Gehalt unter Hypoxte zu erreschen Die hohe artenelle

O,Hb Sattigung als Folge dieser hinksverlagerten Dissoziationskurve it jedoch

nur dann von Vorted wenn gleichzeitig auch der O, Gewebsdruck so medng
1

st dass O, lich vom H: lobin fi werden kann Aus dem
Vergl der D: kurven geht werter hervor wie extrem ungeeignet
die Ratte von diesem Gesichtsp her b htet fur einen Hoh fenthal
setn muss
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From the Dep: of Histology Karobmska Institutet, Stockholm Sy eden

Evidence of Adrenergrc Neurons with Synaptic Terminals
m the Retina of Rats Demonstrated with Fluorescence
and Electron Microscopy
By

TorBjoRN MALMFORS

Reserpinized animals exhibit a pronounced sensiuvity to hight turn away
froms moderate light and close their eyes At the same ume they show an ex
treme miosts Biochemucally it has been shown that reserpme causes a depletion
of the monoarmne depots in the amine-contauung nerve tissues {¢f CARLSSON
et al 1957) which then cease to function The cause of this increased sensitivity
to light might thus be that an amm:rgxc inhibitory mechanism has got out of
order To prove this 1t 1s necessary to d the p of
neurons in the visual pathway To show such cells the method of FaLck. et al
(1962) for direct localization of certain monoamenes on the cellular Jevel has
primanly been applied to the retina of albino rats

For fluorescence mucroscopy halied rat eyes have been freeze-dried and
treated with formaldehyde gas embedded n paraffin and sectioned mn the
usual manner according to the method described by Farcs (1962) In the
Teuna of untreated rats a well-defined zone of fine yellow green fluorescent
fibres appears between the inmer plesiform layer and the inner nuclear layer
The fibres are accumulated around non fluorescent cell badies and have the
charactensuc appearance of terminal nene fibres ¢f Hiirare 1959 Farcn

1962} with typical vancosiues which fluoresce mtenscly Noradrenalme i the
hypothalamus has been shown to be concentrated 1 synaptic termunals of this
appearance {Cartsson Farcw and Hrirare 1962) In the same layer of the
Tetina a small number of fluorescent cell bodies can be found from which
fluorescent fibres can be scen to anse The speaific yellow green fluorescence
appears neither 1 the fibres nor m the cell bodies in specimens from ammals
treated with 10 mg reserpine/hg body weight 24 hours before preparation or
with m tyrosine admimistered 1p 10 3 doses of 400 mg hg cach with 2 hours
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wterval, the last injection 2 hours before the ammals were kalled There 1s ths
good reason to beheve (¢f CarLssow ef al 1962) that the fluorescent productss
denved from a bably a catechol which 15 2 pnmary
amine (dopamine or noradrenaline}

As the fluorescent fibres remam intact 48 hours after opticotomy and bilaters!
exeiston of the cervical sympathetic chain of which the atter causes a complete
disappearance of the amine fluorescence 1n the adrenergic nerves of iris thert
are réasons to suppose that this 1s a question of mtraretinal adrenergic neurons
provided with intraretinal synaptic termunals

The retina has also been examuned with electron microscopy to get additional
evidence of the presence of aminergic neurons For electron microscopy the
retina has been fixed by means of intraocular snjections of 40 per cent osmi¢
acid 1 carhon tetrachlonde, dehydrated in aleohal, embedded m epon
sectioned 1n the usual manner and stained with lead tartrate In the layer of the
specific fluorescence m the normal retina there arc to be found nucleated
vesicles mn nerve cell processes and 1n a few nerve cell bodies These vesucles
have the same appearance as those which have been found 1n adrencrgt
nerves (LEvER and LsTernuizen 1961, Zeranner, Ennors and EoLusd 156°
Ricitarpson 1962) and which scem to be sdentical with the amine contatning
granules (¢f von Furrr 1958)

This work has bern supported by « grant (N3 09854) from the Unted States Public Hell
Service,
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Aus der klhimsch physiol o Abteil des harolinsha + khol;
Schweden

Der Emfluss von Cobalt auf die Erythropoiese der Ratte
von

BerauarD TRisukAIT
Eingegangen am 16 Oktober 1062

Abstract

Trwurarr B Der Einfluss ton Cobalt auf die Erythropotese der Ralte

Acta physiol scand 1963 58 101—110 — The development of
polycythemia m rats treated with cobalt was studied Cobalt was
njected intraperstoneally 6 times a week 1n mncreasing doscs of 04

06 and 08 mg/100 g body s eight dunng 21 22 and 4o days re

spectnely The total amount of hemoglobin  hemoglobin concentra

tion hematoente reticulocytes and blood volume werc determined

Hemin tagged 1 w0 with G 2 glyaine was 1solated from 0 1—0 2
ml blood samples and lhc speaific actmity was measured The hemo

globin and d signafi

cantly dunng treatment with 0 4 mg cobalt bm the total hemoglobin
\ as unchanged There 1 ere no s:gns of hemolyss as evaluated from
the speaific hemin activity  Dunng treatment with 06 and 08 mg
cobalt the relative blood values increased further and also the total
hemoglobin increased The hemoglobin concentration reached values
of 20 g/100 m! of blood and the total hemoglobin nereased from 2
103 g The blood volume was unchanged The retculocytes reached
a maxtmum ‘alu  after about 40 days treatment and thereafter de

creased to normal concentrations despste the increasing total hemoglo-
bin Thedegree of this poly¢ythemia was similar 1o that one developed
at an altitude of about 4000 m

Die zegalatorochen Prozesse der Drythropoiese zielen i aligemumen daranf
ab den artenellen O, Gehalt konstant zu halten Ist der artenelle O, Gehalt
herabgesetzt wie ber Anamic Hypowe hohlenmonoxyd Vergifiung oder
Methamoglobinarme so steigt die Erylhropmcsc Dhcse wird um"ckcl\r( durch
hohen artersellen O, Gehalt wie er z B hr-- % cines hoh

yth hen Org an depr s Sruck aufirdty gehemme

7633015 Acta phys ol scand ¥ol 58



102 BER. HARD TRIBUKAIT

Dieses Regulationsziel der Ery thropoiese wird unter dem Einfluss von Cobalt
meht mehr beibehalten Warrver und Warrtsir (1929) beschrieben be der
Ratte nach Gabe von Co erhohte Hamoglobinhonzentrationen und Ervthro-
zytenwerte Diese Befunde sind wiederholt bestatigt worden (Lateratur s.
Scuvrrze 1940, Grant und Roor 1902) Untersuchungen des Blut baw
Erythrozytenvolumens haben daruber hinaus den absoluten Charakter der
Polyzythimue gezeigt (ORTEN et 2l 1933, Davis 1940, Stanrey Hopes urd
Hrrieawg 1946, Goopyan 1947, Beruiy 1951 Frsner 1959)

Der zugrunde hegende \echamsmus dreser Stunulation st unklar Ua
15t emn die Atmung Junger erythrozytarcr Elemente hemmender Efleht an ¢
nommen worden wobet diese Zellen beschleunigt in die Zirkulation ubertreten
<ollen (BArron und Barron 1937) Eine direhte Sumulation durch Hypove
des Knochenmarks mfolge Vasoconstriction (Davis 1940) oder Vasodil.tauon
(OrTI~ und ORTEN 1945} wird jetzt allgemein ab_elchnt Untersuchun e
1 ritro Gber den hemmenden Einfluss von Co auf Enzyme die mit der Gewebs
atmung 1m Zusammenhang stehen (Levs Levison und Sciape 190)
berubren unmttelbar das Problem einer hustotowschen Hypoue des Genebes
als Ursache der erhohten Erythropoiese Lebhaft wird die Frage son Ut
tragersubstanzen (Erythropoictinen) die unter Co-Wirkung freigesetzt werden
sollen duskutiert (GoLDWASSER et al 1957 1928 Jacosson et al 19932 b
Brows und Mercere 1938)

Due vorliegende Arbert dic tm Rahmen von Untersuchungen der Lnythro-
potese unter verschied vor wurde (TRIBURAT
1962 a—¢, befasst 1ch mit der Entwicklung der Cobalt Polvzythamue

Materral und Methodik

Die \ ersuche wurden an mannhehen Rasten eines Stammes (Hooded rats Nanons!
Institute for Medical Research Mull Hill London) mit emem Ausgangsgewicht ¥01
“twa J00 g ausgefuhrt Die Nahrung bestand aus emnem speztcllen Ratienbrot (o
ammenserzungs TriUhAIT 1960 o, Hafer Mohrruben und Wasser od lbitm

Den Tieren wurde Cobalt als CaCly GH,0 n ewner Dosierung son 04 06 und? 1
ng 100 g horperges icht1p 6 mal wochentlich verabfolgt Diesc Menge “;rm(”;f
sner 09°, igen \aClLosung enthalten Dic hontrollucre erhiclien cm glech™
Lolumen 09 1zer NaCl Losung co

Dic Gesamthamoglobinmenge wurde mut ewner modsfizierten aheolaren
\fcthode dic beliebig oft wiedrrholte Bestramungen am selben Tier zulasst sm““:
Treuearr 1960 b H und H, k aus denen ¥C
: it dem G Jobin das Plut [lasma und Erythrosvtensoluel
serechnen wurden vom Schwanzblut der Tiere 1 der fruher angegebenen Wes
tummt (Trstrarr 1960 b Dic Reticulozeten wurden von 2 mal 1000501’;;’;‘
en entsprechend der Methode von Larssos und Swesssos (1939) ausgezahit et
serden dunne Blutausstriche an 1 iger Sublimatosung fixiert und mut Tolus

07> pH57, gefarbt
l";“i’? ;(ug«-memep ]nfvrmasnon uber eveatuelle tamolytische Prozesse hssln:h:-\:i’:
\ erhalten i h H. lob Wie zu Besumm! ot
der Lebenszant son Erythrozyten (Fomssozrc und Trastrarr 1962 a) wurden
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und relattve Blutwerte von Cobalt b handelten Ratten (geschlossene Symbeole) und Rentrolt
ficren (oflene Symbole} \littelwe 1¢ vonse 10 T e en

10 4C (0169 mp) C" 2 Glyun/Tier 1p wpzert Von dieser Abtnatat finder sich
os

beun normalen Trer 07—03° 1m i d n relatv k
Bonzentration bis zum etwa 40 Tag nach der Injektion wonach mit dem Ende der
Erythrozvtenlebenszeit auch die speafische H. k absmht Em

oder beschleurugter Abfall beruht entweder auf emer Hamolyse oder einer \ exdunnung
der speaifischen Abtrvitat durch emen Uberschuss neugebildeten Mamms Letzterer
lasst sich aus der Grosse des Gesamthamnglobin erkenmen Lm homphkationen zu
umgehen die sich aus eimem evenwell unterschiedbichen Verhalten der spezifischen
Aktiitat des Globin und Hamunanteds des Hamoglobin efgeben honnen war Hamin
ven 01-—02 ml Schwanzblut soliert worden dessen spezifische \ktiitar gemessen
wurde Fur hod he E 1h, s RSS! und Trristrarr (1962 b)

Ergebnisse

Emne Ubersicht uber die wesenthchen Veranderungen der absoluten und
relativen Blutwerte sowie des Rorpergewichts ber successiy gesteigerter Cos
Medikation yermuttelt Abb 1 Aus Tab I sind ferner die Ausgangs und End-
werte ersichtlich
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Tab I Gruncht und Blutwerte ton ge 10 Ratten nack 82 tagiger Behandlung mit CoCl bae Aol

I = hontrollen I = Cobalt Tiere a = A (Mittel von B n 2 Tagen)
Gewicht g | Tot Hb g |gTot Hb ) |Rel Hb g° |Het 7 RelHbg®
100 ¢ G e
g Gew Het ©

Ia 295+ 47 | 20410044 | 06910009 | 13170174 4463075 2064028
1b 3311105 | 21110064 | 06440009 | 13800167] 4484049 3084030
1Ta 2974- 69 | 2040035 | 0680010 | 13014£0126| 434040 3004017
ig 270110 } 3023-0132 | 11240032 |202240274] 6514087 3101016

Der exste Versuchsabschnite umfasst 21 Tage wober 18 mal 84 mg, CoCl/
100 g horpergewicht bzw NaCl Losung myiziert wurden Das horpergewicht
der Cobalttiere fallt 1m Gegensatz zu dem der hontrollen etwas Dieser Abfall
kann auf emen leicht towschen Effekt von CoCl, hinweisen Die Gesam!
Hb Menge beder Versuchsgruppen sinkt mittal um 5—7 % Die Different
gegenuber den Ausgangswerten st fur die hontrollen hochsignifikant (p <
0,001) micht aber fur dic Cobaltiere Im weuteren Verlaufst die Hb Menge
beder Versuchsgruppen praktisch unverandert Ward das Gesamt Hb aufdat
Torpergewicht bezoven (g Tot HbJ100 g horpergewicht), ergibt sich fur &ie
Hontrollen eme fallende fur dic Cobalttiere eme stesgende Tendenz DieHb
Ronzentration der hontrollen 15t prahiiseh unverandert die der Cobalitere
steigt von 13 g %, hochsignifikant (p << 0001) auf 15 g% Der Hamatoknt
folgt den Anderungen der Hb Konzentration wahrend der ganzen Versuchs
zeat Danut 1st die muttlere Hb honzentranon der Lrythrozyten, ausgedruckt
durch das Verhaitms von Hb honzentration/Hamatokrt, unver indert Das
Blutvolumen fallt ber beiden V hsgrupp kant (p < 0 001) v
Jetwa 10% ber den Cobaliueren ctwas starker als den hontrolfen Dieser
Abfall berubt terls auf inem Absinken des Plasmavolumens das fur dic Cobalt
fiere hochsigmifikant (p < 0001) fur die Rontrollen signifikant {p =001~
0001) 15t teils auf den etwas medngeren Tot Hb Werten Dic Retigulozyten
der Cobalttiere hiegen um das 2—3 fache hochsigmifikant (p < 0 001 uber den
Ausgangswerten

Die Crgebmsse des ersten Vessuchsabschntts lassen sich dahin,
sammenfassen das die relativen Blutserte zwar deuthich unter Co Med:kauon
ansteigen  Das unveranderte Gesamt Hb zeigt yedoch  dass es sich Juerbes
ledhghch um Veranderungen im Sinne emer Hamokonzentration handelt 05
die erhol Reticul, erte hlich emne g te Erythropoies®

anzergen muss so lange offen bleiben als einc Hamolyse nachgewiesen wet
den kann Darauf wird weiter unten cingegangen
Walirend des 22 Tage davernden zwesten Versuchsa
Gobaltdosis auf 0 6 mg/100 g horpergewicht gestesgert 19 Inyck
\erabfolgt Mit einem 20 % 1gen Anstieg des Gesamt b nm ewa 04 Ec::u
emner Steiperung der Hb honzentration auf 18 g % hat sich jetzt e

h
en

gehend 2u

bschmtts wurde di¢
qoncn wurdet
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b = Rodwerte, M ttelwerte mt muttlerem Fehler

Blut wal | miBtat sol /] Ery sal oy Jsmt Ery vol f Plasmavel { sl Plasmanol | Ret ¥,
mt 100 g Gew W0 g Gew jmd 100g Ge

20740361 704007 | 694016 | 232003 | {38%078 | 472007 | 1o&xiill
W4L063 ] 621011 t91025 211000 $36:040 4148008 1382376
2094037 704013 684012 231004 414027 485011 136114
WOIP ] T42018 | 975843 | IHZUID | 503058 ] 39=010 febai®

Polvrrth Yelt ¥ hend
Loly

dem dem Ery throzy teatolumen
das dem Gesamt Hb pamﬂcl ltauft und auf dessen Wiedergabie cleshalb ver
wmchtet wurde st das Plasmavolumen um beinahe 56 %, gesunkem das Blut
valuren it unverandert Die Renculozyten erveschen yam onen Vzamalwers
um 6 % - das 56 fache des Ausgangswertes Das horp ht halt scch
umverandert

T letzten Versuchsabschnt wurden wahrend 43 Tage 40 mal eme Dows
von 0 8 mg CoCL{100 g horpergewscht gegeben  Haer fallt das Korpergewicht
wiederrum ab und hegt schhesshich 30 g unter dem Ausgangsgewiche und 60 g
unter dewn der Rontrollen Das Gesamt Hb steagt werter und erreicht 3 g Der
Bb-Zunachs mmmt gtgcn Endc des Versuchsabschnstts etwas ab Rechnet

man abcr Wt emney der wahrend des vergangenen Ver
hald Erythrozy 50 st die Bb Bildungslestung cowa
umerandert da zu diesern Zeypunkt m g Umfang Fry ¥

abgebaut und ersetzt werden Die auf das horpergewicht bezogene Hb \enge
errercht ot 112 2100 g Gewachr besnahe das Doppelte des Dormaluertes
Dhe Hb-R und der K, ks sch

sch einem oberen Grenz
wert z2u nahern Da das Gesamt Hb werter szagt erpbt sch daraus ein lang
sam anstergendes Blutcolumen das schhessh ber dem A ert
ot Cnb:xhga\)c unverandert i Pas Piasma\o\umm rerblebt wahrend diesex
Al h auf esnem uny < Nnean B ert
15t das N erhalien der Renculozyten die auf normale hanzentrationen abfatlen
und meht mehr von den hontrallwerten abweichen

Das \ exhialien der spezfischen Akbyntat von w zrea mut O 2 Glyen ge
zewchneters Hamin st aus Abb 22 2u ersehen Unter der Annahme cines
Molekulargewichts von 68000 fur Hamoglobin uad 630 fur Harmun warde
WeT aus den jewelligen Werten des Desamt Hb die Gesamthaminmeese
bevechner aus der sich zusammen mn der spezrfischen Aktnatat die gesamte
Hamnakustat eopbt Diese zewgt Abb 20

I guter Lhermnstummung mit fruberen Untersuchungen zur Bestimung
der Enihrozyvienicbenszen (Forsssero und Trisrxart 1962 a; begiant emva
um den 40 Tag nach dev Injekecn die Aktivitat abzusinken unt ervescht am
73 Tag bes besden Gruppen ctwit 13 ° det Wertes vem 37 baw 38 Tag Die
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tmp fmn /3004 g Hamm imp fmin [ Tot Hamn
20 | 5000
rl l v
®] a4 wop] e
™\ N
12 1{\. 3000 1 .
AW A
8 X, 2000 N,
!
4 \ 1000 \
S ]
T
o Tage O 1 Tage
[ — —_—
™ © s e 70 8 B O 5 60 N 6
04 08mg 04 06mg
Cotty [ 10g Gew mcl,/x»g Gew

Abb 73, b Verhalten der spez:fischen und gesamten Aktvitat von m o mut € 7 Chew
dioakry grreschnetem Hanun \littelnerte mit Stand.rdabweichung s on 10 mat Cobalt behan
delten Tieren {grschlossene Symbo! ) und 10 Rontrolltieren (offene Symbole) D ¢ Zeuskala
{Abmissenachse) bezieht aich 2uf d=n Tag der Inyektion son C* 2 Ghyon (Tag 0)

Aktivatat der Co-Tiere begt am 33 Tag etwas unter deryemgen der hontrollen
Unabhang, von der Co-Therapie zeigen dann die haunenverlaufe der spezt
fischen wie der gesamten Abtivitatemne v hende Parallel der Es
1st also weder emne Hamolyse nachwessbar die emncn starkeren Abfall des

fischen wie der Aktitat zur Folge haben sollie noch e
<tarkerer Zuschuss von neugebildetem Hamun wahrend dieser Versuchspenode
zu erhennen der zu emnem starkeren Absinken der speasfischen Akuvitat bar
um eranderter Gesamtaktiniat fithren sollte

Diskussion

Die vorhegenden U gen b den mehrfach beschnebenen
Befund emer echten Polvzvthamue nach Zufuhr von Cobalt Fin Verglech der
gefundenen Werte mit denen der Lsteratur ist vor allem wegen der unterschied
lichen Dosirrung und \ ersuchszeit nur schwer moghch

Das 1m wesentlichen uns eranderte Blutsolumen ber emnem Anstieg des E
throzytens olumens um berrahe das Doppelic und emem ensprechendet Abfall
des Plasmavolumens summt gut mit den Befunden Berirns (1991) yberen,
der das Enthrozytensolumen mit P? .gezeichneten Erythrozyten besumsmi¢
Orten et al (1933) sowie STanLey et al (1946) haben mit Congorot bzw
Tvans blue wesentlich hohere Ziffern gefunden

Die Hb-honzentration mut emem Endwert von 20 g 97, hegt enway umter den
von anderen Autoren fusr Ratten angegebenen Werten (OrTen 1936 STANLEY

hungen
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et al 1946 Crarts 1932) Allerdmgs waren auch deren Ausgangswerte
hoher

Im allgememen werden standsg oder vorubergehend erhohte R lozy ten
werte beschricben (Lateratur 5 GraxT und Root 1952} allerdings hat Berraw
{1951) normale k ber emem ebenfalls un dertem Differen
tialbild des I\noch:nmarh gcfunden Die eigenen Resultate zeigen voruber
gehend R ationen  die aber mcht oder nur
teshverse zum Anstieg des Gesamt Hb zugeordnet sind  Aus den Reticulozyten
alleme sind also nur mut Vorsicht Ruckschlusse auf e p he
Aktivtat emes Organismus unter Co Therapie mogheh

Das um 50 % erhohte Gesamt Hb mit ernem mm wesentlichen unyeranderten
Blutvolumen entspricht dem Bild emer Polyzythamie wie sie betr emem
langeren Aufenthalt in etwa 4000 m Hohe zu finden ist (TRiBusArT 19622) Dre
mittlere Erythrozyten Hb honzentration weicht ebenfalls nicht wie auch bex
der Hohenpolyzythamie von der Norm ab Werterhin scheint die Erythrozy
tenlebenszeit ber der Co Polyzythamme (van Dvke et al 1920) ebenfalls wie
ber der Hohenpolyzythame (FryERs und Berray 1952) normal zu sein Auch
der \Myoglobtngehalt be: der Co-Polyzythamie 1st wie ber der Hohenpolyzyt
hamie unverandert (FavLkxer und Broop 1957) Es finden sich also huer kemne

Anhaltspunkt dafur dass die Co Polyzytharme von der Hohenpolyzythame
abweicht

Die Entwicklung der Co Polyzythame zeigt emmge bemerkenswerte Emn
zelheiten Auf das Verhalten der Retrculozyten 1t schon oben hingewresen
worden Die Hb kA bzw der H: krit steigen hst ber un
verandertem Gesamt Hb Es liegen somut Zerchen emner Himokonzentration
mit emer Reticulozytose vor Letztere wird sowert aus dem Verhalten des
radioaktiven Hamun hersorgeht — em allerdings ziemlich grobes Verfahren —
meht darch emne Hamol ! Eme H. k 1on wird ebenfall:
mitial nach der Hypoxie beobachtet (Trmsunarr 1962 b) Diese geht
allerdings sehr rasch 1n eme echte Polyzythamie uber Im Gegensatz dazu
entwickelt sich die Co-Polyzythamue wesenthich langsamer Das mag vor allem
rmut den h und A head hall von Co im Tier zu
sammenhangen

Im allgememen 1st 10 den verschiedenen Untersuchungen Co peroral oder
parenteral als Chlond Sulphat Glutamat oder Matrat i emer Dosierung
zwischen etva 01-—10 mg{l00 g harpergewicht verabfnlgt warden Eme
Dosierung von 0 4 mg CoCl,/100 g horpergewicht hatte 1n den vorhegenden
Versuchen nur emen Effekt auf die peripheren Blutwerte die Reticulozy tenund
das Korpergewicht Daraus lasst sich eme klare Wirkung dieser Dosterung
erhennen die jedoch picht zu emer echten Polyzythamue fuhrt Es 1st jedoch
denkbar dass eine langere Gabe eine echte Polvzy thamie hervorgerufen hatte
Suxnonen (1929) fand mut einer Dosis dieser Grossenordnung bes der Ratte
eme gewsse Hypertrophie der Nebennteren und genngere reaktive Verande
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rungen der Milz als Ausdruck einer allgemeinen Stre.srezktion, jednch keice
erhéhte Ausscherdung son Coproporphynn, wie sic als Zeichen emer starkeren
toxschen Reaktion bes 4 fach hoherer Co-Dosierung aufirat

Dse Wirksamkeat von Co hingt generell davon ab ob die Zufubr von Co
die Ausscherdung Gbertnflt wobet nach Stare und Ervengess (1933) soa
Jostaxp und McNavesT (1938) die Gesamtmenge Co 1n der Ratte 40~30 pg
errachen muss Ins eine Polyzvihimie nachweshar wird Als Normalwert wird
etwa 5 pg angegrben Die Auscheidung erfolgt relatny rasch und annabernd
exponenurll \ach Corr und Greenpere (1941) sind 10 Stunden nach der In-
Jektion von Co etwa 70 9, durch die Nieren au geschieden und nach 96 Stun
den mehr 2ls 90 °, Carteercer (1961) fand emne Ausscherdung son etz
50 9%, innerhalb von 3 Stunden nach der Injektion Bex taghicher Zufuhrfzrdes
CuruserTsos, Frer und Trorston (1900) nach 14 Tagen 5—7 G der gesam
ten zugefuhrten Menge 1m Organimus nach vielwochenthicher Medikation
werden von Stare und Ervengesm (1933) emne Gesamtmenge entsprecherd
etwa 15—20 ©, der tizlich zuoefuhrten Menge angegeben Dic Cobalt hon
zentratioren 1n “ere Pancreas Leber und Milz ind wesentlich hober als 1o
den Gibrigen Organen (Corp und Greeseers 1941 Beruy 1900 Cumserrrsos
et al, 1950 Carizrrcer 1961)

Als aL'usende Ursache der Co-Polyzythamie st hiufig exne Gewebsanone
dikutert worden Dhe Untersuchungen son Barros und Baryon (1937) nach
drnen die Atmung Junger erythrozy terer Elemente durch Co grhemmt werden
soll, konnten von Warren Scuvemenr und Woop (1944) micht bes.aumt
werden Bet n aatro-Versuchen an Knochenroar} fanden Larozer und Trosas
{1905 kewne Atmung<hemmung durch Co ber honzentrationen bis zu 1073,
Raonzentrationen uber 104N hemmten jedoch diec Hamnsynthese Es schemt
darmut eine direkte Sumulaton des hnochenmarks durch Co auszeschlotsen 22

"sen ganz abgesehen dason dass es zwesrlhaft 1st, ob Gberhaupt 5o hob
ho n m w1 0 1m hnoch ¥ erreicht werden Ahnlche Uber
lezunzen zelten auch fur die Unteruchungen son Burr et al (1946) und Loy
et al 1920, & emne Hemmung der Atmungs bzw Enzymakunitat von
Gowebswet und Gewebsh ber emer Co-honzentratt 1309
10-\1 srfunden hatten Anderersmits wesst der Abfall des O Verbraudhs der
Ratrenach Co-Injekuon W estzy 1936, auf deuthiche Stoffw echorlstorunen}an.

Jacoesos et al 19,9 2 b, haben eine Anoue der \iere angenomrmen ¥
dureh Uhertragersut I Enrvihrop I werden 3 2
(Gorowa = et al 19,7 1958, Plasma von Tieren nach emer anzsl~n
CoInykuon hattc aine Wirkurz gemessn am  Auftreten Fest-gezrichaet™
Eryibrozvien mm Blut £ ender Ratien dic die Wirkungvon Pla ma anzmscher
Tiere nzch aner ma nen Blutung um das Viellache gbertraf D oo Lot
su e 1nd im Hinblck auf die langsame Ent acklung der Co-Polvzyiharse
bemerkensnert. Brows urd Mg /1958 fanden i ahnbchen \ersucl €1
ermen wesendich beschedsreren Effekt Line endguluge Levrtalung dic”
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Befunde durfie erst dann mdghch sein wenn klar gelegt1st ob mat Plasmavon
Co-behandelten Spenderticren eine echte Polyzythamic hervorgerufen werden
kann oder mecht

Es se1 schliessich noch erwahnt dass Co micht die O, hapaztat des ar
teniellen Blutes etwa durch Meth lobmnld herab scheint
{Bucciero und Oxrrex 1949)

Zusammenfassend lasst sich feststelien  dass die Co-Polyzythamie weit
gehende Paralielen zur O, Mangelpolyzythamie aufueist Bex offenbar norma
lem artenelien O, Gehalt st jedoch dic primare Ursache 1n Veranderungen
auf dem Gewebsmisean sut suchen Ob berden Polyzythamueformen ahnhiche

losende Mech de hegen st bislang unbekannt

Tetle der Arbe ¢ wurden mit finanzieller Unterstutzung durch das Schwedusche Atomhonutec
susgefiibrt
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Abstract

Beuirace P B Borostrowand T Ouvecrows. The fssue distribu
tuon of raduoacticaty follownng the sngection of Tarying lecels of fatty acid labeled
ey lomterons un the vat Acta physiol scand 1963 58 111—123 — H?
palmitic acd fabeled chylormicrons in doses of $—124 mg Iipid were
myected itras enously mto ngorously carbohydrate fed rats The radio-
actrvitics i blood hver adipose tissue spleen lungs, kidneys and
muscles were studied For doses of 4 to 33 mg hpid the disappearance
oflabel from the blood followed an exponential rate which was sumlar
for these doses and corresponded to half ives of 22 to 3 5 mumutes
The maximal radioactn sues found 1n the liver were also sinular for
thesc doses and ranged from 40 to 51 %, of the ingected radioactvity
For doses of 64 and 124 mg bipid the disappearance curve was more
complex and the label disappeared more slowly from the blood The
maximal radioactsity found 1n the liver was also deareased It 15 con
cluded that at these doses the system was overloaded The spleen and
the lungs took up sigmificant amounts of chylomicron fatty acds as
evdenced by intal peaks 1n the radsoactivity curves for these tissues
Thekudneys the heart and the muscles shawed a slower rise of radio-
actiaty and presumably tock up mamly recirculated fatty acds The
adipose tissue also seemed ta take up mainly recirculated fatty acids

Te1s well estabhshed that dictary fatty acids with a chain length of 14 carhons
or mmore enter the circulation marnly s estenified fatty saids m chylormeron
form (Borestrost 1060) The further fatc of the chylomicrons have been partly
cluaidated during recent years (Orvecrons Croper and Bore stros 1961)
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The triglycenides which make up the major part of the chylomicrons are
removed quite rapidly from the arculaton A considerable fraction can be
found 1 the Iiver and exp with chyl labeled both 1n the
glycerol and 1n the fatty acid moety of the glycerides have shown that the
chylomicron tnglycerides penetrate into the liver as such (BoresTrow and
Jorpax 1959 Orivecrona 1962 a) Chylomcron fatty acids can also be found
1n many extrahepatic tissues at short times after 1jection of fatty acid labeled
chylomicrons (Bracpon and Gorpon 1958), but the mechanism by which
they penetrate into these tissues 1s not known with any certanty

The quantitative role of the hiver 1n the removal of chylomicron triglycende
from the circulation 1s not definstely established Studies of the tissue distribu
tion of mjected fatty acid labeled chylomicrons have given different results
showing liver radioactivities corresponding to 15--50 % of the jected radie-
acttvity {Frencr and Morrrs 1958, Bracpon and Goroox 1958 Borestro
and Jorpan 1959 OvLivecrONA 1962 a b) The physiological significance of
of these results was made doubtful when Borastron and Jorpan (1959) pownted
out that the lipid doses injected 1n these exp were unphysiologicall
hugh Therefore the present exy were carned out to study the possible
influence of the size of the lipid dose 1njected on the tissue distrabution of labeled
chylomacron fatty acids mn the rat

Materals and Methods

Preparation of the chylom: 5 mg cor ling to 5 mC of 91017
palmitic acd (The Radioch 1 Centre A England) was dissols edmms
mimute volume of cthanol neutralized wath dilute KOH and diluted with water Thi
solution was admumstered mtragastrically to a rat on which a thoracic duct cannulation
had been performed the previous day The rat was then given small volumes of a1
artificial mulk preparation contamng 3% corn ol (Lactovit AB Mazety Malmd
Sweden) The chvle was collected for 12 hours 1n a flask chilled in 1ce Simultancously
unlabeled chyle was obtained from other rats gven the same artificial dry mlk prepart
tion The chyle was concentrated by centrifugation for 30 mn at 78 000 X gm a Spnc®
model L ultracentrifuge using the 40 rotor The top layer was withdrawn layered under
11°, NaCl and recentnifuged for 10 min under the same conditions The tep Inc
was aspirated and resuspended 32 11 NaCl Aliquots of the labeled chylomicrons
were mixed with unlabeled chylomicrons to give the desired concentrtions of Ip
The smallest dose myected rep 1 d Tabeled chylomicrons ar
contained 442 10* CPM as measured under our counting conditions All other doses
used contained the same amount of labeled chylomicrons plus tnercasing 1mounuﬂ
unlabeled chylomicrons The hipid content of the doscs were 4 1 mg (C%) 57 mg ‘(C (/’
88 mg (CC) 13 mg (CDj 33 mg (CE} 64 mg (CF) and 12+ mg (CG) Thero! um“
were 10 ml except for the highest dose which had a volume of 1 5 ml Thus all r:é!u;]
a ghen senes were anjected with the same amount of fat trrespectinc of their 1ndiy

body weights
1\)1’1 injection and sampling procedures were completed within 20 days after t}

Tection of the first chyle

he col



LIPID DOSE AND CHYLOMICROY METABOLISM 113

Treatment of 1ats inyectron of chylomcrons and sampling “Male Sprague Dawley rats weigh
mg 210 + 20 g (mean - standard deviation of the samples) were used Th y were first
fasted for 24 hours then allowed to drinh 20 9 glucose 1 hall strength saline ad librtum
for 12—20 hours Two bhours before the 1njection of the chylomicrons they were gnen
5 ml of the same glucose solution by stomach tube

‘The chylomcrons were injected 1nto an exposed jugular vein This was done ymder
light ether anesthesia and the rats were allowed to wake up immediately after the in
Jection At appropriate times they were again anesthetized with ether and blood drawn
from the aorta Usually we obtamned 7—9 ml of blood About 1 ml was immediately

’ 1

toa tube ¢ 10 ml of h
2 1 The exact amount of blood transferred was determined by weight The liver was
removed nnsed 1 water blotted dry and diatel d 1n !

methanol 2 1 The heart, both lungs the spleen both kidneys a piece of the abdom
mnal wall muscles and a piece of an epididymal fat body were removed nnsed in water
blotted dry and to chl hanol 2 1 The tissues were trans-
ferred to the solvent within 3 min after the death of the animal and were homogemzed
at a later ume
To measure the cudation of the injected chylomicron fatty acds mdivrdual rats were
Jilled 1mmediately after the mjection of chylomicrons and other rats at the longest imes
studied These rats were immediately homogenized m 1 1 ethanol in a Warring blendor
Theh was toa 6 1 Erl flask diluted to 4 1 with diethyl
ether and allowed to stand at room temperature for at least 24 hours It was then filtered
and an ahquot taken to dryness redissohed 1n chloroform methanol 2 1 and treated
as the other tissue extracts The mean value for the rats blled at “zero time was taken
a3 100° and the total recovery i the rats kifled at later tumes calculated relauve to
thus figure This value 1s given 1n the tables as  total
Inalysis performed on the samples The chloroform methanol 2 1 extracts of the tissues
were filtered 1nto scparatory funnels and 04 volumes of aqueous 2°  KH,PO; was
added The funnels were shaken and after equibibration  which usually took 12 hours
the lower chl 3 to an Exl flask dried wath an

hase was
hydrous sodium sulphate taken to dryness and weighed The lipads were redissolved
 chloroform and an aliquot pipetted into a scmtillation counting vizl The chloroform
was evaporated off and the lipids dissolved 1 10 ml of toluene contaning 3 g PPO (2 5
diphenyloxazole) and 100 mg POPOP (1 4-bis 2 {phemyloxazolyl) benzenc) per 1 and
counted n a Packard bqud scnullanon spectrometer model 314 AN All counts
were corrected for quenching by use of mternal standards

To the plasma hipid extracts 1n the stoppered centrifuge tubes v as added 4 mlof 2 %,
KH,PO, the tubes shaken and the phases separated by centrifugation The upper
methanol water phase was aspirated and the lower chloroform phase filtered mto
ligud scntllation counting vials The lLipids were then dissolved 1n toluene and counted
as deseribed above

The Iiner lipids from CA CE and CG werc scparated 1nto glycende and phospho-
hipid fractions on siierc acid colurmns as presiously described (OLvecrova 1962 )

Resalts
The results obtained are shown n Table I and 1 Fig 1—# All values are
expressed a3 percent of injected radicactivity
Blood The blood rad vaties were d by the liprd radio-
actiaty in an aliquot of the sample withdrawn and muluplying with a factor
for total blood content assurmung dus to be 8 g per 100 g body weight The
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Table I Teasue dusirsbudon of label wn refed male oty after mtravensys inpection of
chvlomeerons {abeled wih IP pabmitic a 1d Y alues expressed as percent of impected

radwactaily
Rat no. el
2 ¢ [
EERT IR IR IR IR
£ £ z j€z) 2 & - 5 3 C
- = LN R -~ - o 5 -
fir bpd
CA 3 2 bre a2 38 {131 1034 (067 o] 76
ca 4 2 {426 12761 321 68 {030 {03613 | 78
CA 5 5428325 f 55) —~ 10271047 J15 | 87
CA 6 5 1258 {336 | 48] a1 jo2s oz ji3 | 40
ca 7 10 2 {454 | 261 55 {02F [0e2 Joor | 37
CA S 10 f 42 fe02{ 93| 27021 {42 {30 | 21
€A 9 20§ "8 1400} 23] 31 }030 045 jof ] 02
[+A N8 2] 20 | 28 372 1 18 {134 J0°3 {058 joor | 27
CA 11 e { 2. {19 | 80 75{03 [orzose] 15
cyp g0 { 18 {725 { 33§ 51 {021 [or3fod0 | 37
cA 13 en g0
[s29n 14 o 7
57m lnd
o3 > J199 {8 ] 6o
4 s {193 B4 74
CB 5 10 Jz210 [ 60 57
L 6 10 {14 §375 ] 33
CB 15 | re {433 | 70
[ ] 32 45| 25
L9 W22 345 38
cB 10 3 | 22 {336 | 41
cs 1 o fozt s f10s
w P o | 22 {31 ] 3>
&&m kit
cC » s poun faar 28] 33 fors fode a3 | o5t
cC 4 )4 43 {407 | .9 f 53 {016 {04 fra ] 54
[+ 5 43 {402 ] 26| 34 {0rm joen f2r } 33
cC o t to bale | 31 ] 29 {024 {04, {22 43
<o 7 2 1 331338 ]3¢ foz2osm |, "7
cc 8 2 33 130} or | se]omied e | 39
cco 40§ zadany {13, 53¢ {034 {00} fpe. | 18
cc 10 ] st g oos] 6] o0 (028 [ 043 {12 23
ccu gy ] 27 [7oaf2te | 52 fozz a0 {090 ) 33
cC 12 B0 | 15 49§ 63 {017 {053 fogf 28}
[eoRt] 0 nt
oo @9
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Table £ (oomt }
Rat no. g
o 2
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€D 3 16§99 143] sp
€h 4 1 {102 {508 49
(23 20 | 35 [499 ) 43
an g 20§ 3r{a3] 42
w7 30§ 24 {410 | 34
(7] 30 | 18 {8 ] v
oo 60 { 20 {313 34
o 10 60 § 16|31 ] 43
[o: 3] 166 | no {150 | By
<D 1z 160§ 16 it ] 92
Bm s
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Table I (cont )

Rat no 3
E g ¢ -
EE | s(sEl B4 LB
Ela| 3|22 | 2| 2| &| 38
124 mg lipd
CG 3 20 |526 | 238 45 42 102> | 063 |37 38
CGC 4 20 [362 [.21{ 41 ] 37 - o5 {41 28
CG 5 40 ) 115 | 341 s 46 1029 054 |19 36
CG 6 40 24 1366 22 41 | 018 | 042 | 31 27
CcG 7 60 37 273 97 — ]0632 ]057 |13 27
CG 8 60 24 | 320 43 431021 |058 20 20
CG 9 80 19 227 55 57 | 015 [063 | 066 16
CG 10 20 20 | 274 74 44 — |063 [ 16 18
CcG 11 160 1084 ] 173 ) 106 49 Jo17 J067 | 032 16
cG 12 160 |18 230 {195 85 {622 {0350 ) 086 14
<G 13 160 88
CG 14 160 49

values obtawned are plotted semilogartmucally wn Iig 1 The label dusap
peared at approximately the same rate for the five low doses (4 1—33 mg lipid)
and the first parts of these curves seemed to follow a stngle exponential Dueto
the Limited number of rats studied and the vanation between indwidual rats
3t 15 not possible to define the curves accurately (This restriction applies to dll
tissues studied) For the two high doses (64 and 124 mg hipid) the curves were
more complex than for the low doses and the label also disappeared more
slowly

Luter The Iner radicacuwities were calculated from the
ahquots of hiver fat studied The figures were not corrected for radioacusity
present in the blood remaiming 1n the tissuc Bracpoy and Gorpov {personal

) have 3 the amount of blood present sn tissues of rats

after partial exsangmnation using todine labeled albumin and under thesc con
ditions found as a mean 0 094 m! plasma present per g of liver correspondimg
10 around 10 ©, of the total blood We have generally obtamned 7 t0 8 mlof
blood from our rats and the residual blood therefore should be less than 3l
culated by Bracnon and Gorbon The contribution of radioactisity from the
blood was sigmificant only during the first tme period when apprccuble
amounts of radroacuivity were stll present in the blood

For the five low doses (4 1—33 mg lipid) the maxsmal values for lner radio-
activity were similar The range was 40—51 %, of the mjected radioachvity
The rats injected with the two hgh doses (64 and 124 mg hipid) shoned lower

3 i the

maximal values
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PERCENT OF INJECTED RADIGACTVITY

I ST |
w2 Lo s
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} g 1 Duappearance of H palmutic acid labeled chylerucrons imnjected aintravenously i nig
orously carbobydrate fed rats Values expresied as percent of mnjected radioactvity
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Fig 2 Rad oact vaties 1n Iiver
glycendes and phos
rgxllxpmh 1n rats after njection o’}cH nalmxucp acd
<led chiylomucrons Dose myected 4 1 my 1 psd 1
per rat \:‘;qu expressed as percent of mjected

PERCENT OF INJECTED RADIDACTIVITY

7 r) ) £
MINUTES

Fig 2 3 and 4 show the radioactivities 1n the glyceride and phospholipid
fracuons respectively for three of the doses Imnally most of the label was pres
ot 1n the glycende fracnon Tus fraction reached its maximal radoactivaty
carly and this then declined stmultaneously with a nise of the phospholipid
radioactivity so that at the end of the experimental time more label was present
1 the phospholipid fraction than in the glycende fraction
Other Tissues The racioacuvity in heart lungs spleen and kidneys were
calevlated from the radioactvaty found 1n abiquots of lipid extracts from these
tissues The radioactinsty in muscles was caleulated from the radivactivty
8639015 Acta phys of seand ¥ ol 58 -
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g 4 R m lver gl des and phospt ds n rats alter ingectron of H pﬂ'ﬂ;’r“‘
©xd labeled chylomicrons Dose mjected 128 mg bipid, | 2lues expresyed as percent of 10y
adicactivaty

the sample collected and muluplied by a factor for total muscle T hus factor

was taken to be 40 %, of the bodv weight This calculation involves the unl"""ﬂ;l
assumption that all muscles had the same speaific radioactvities (crv El‘:d
weight as the sample of abdomimal wall muscle studied Therefore the z‘!“t‘!
for musdle radioactuities are less rebable than those for hver, heart kadr

spleen and lungs
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From the figures of Bracoov and Goroov (personal commumication) for
the blood content of parnially exsanguinated rats and our own figures for the
weight of the organs 1t can be caleulated that the heart would contain about
049, the kidneys about 18 9% and the muscles about 10 9, of the blood
The radioactivities found 1n these tissues at early times were so low that radio-
activity 1n the blood remaining tn the tissues could account for a major part
Thus the radioactivity curves for these tissues would grve a slow nise and then
Ievel off at plateaus which would be stmlar for the different fat doses At long
umes about 02—0 3 % of the mjected radtoactnaty was found m the hearr
about 0 4—07 % i the kudneys and about 3—7 9o i the muscles

The lung would contamn about 13} and the spleen about 07 % of the
blood The radioactivaties found 1n these tissues at short times are considerably
higher than can be accounted for by therr content of residual blood radioac-
trvaty Thus these tissues showed an mittal rapid nise of radioacuvity The radio~
zcuvity then dechined rather rapidly Thus both the first and the second part
of the radiowetivity curve were dufferent from that for heart kidney or muscle
and resembled more that of the Ier For the spleen the height of the maxi-
mum increased with mereasing fat do es In contrast, the height of the maxy
mum in the lung decreased with mcreasing fat doses

The values for adipose trssue radioactivits were obtamned by muluplying the
radioactiniies 1n the samples actually collected by a factor for total adipose

fisue Since, i this expenment the total Iipid contents of the wdn idual rats
were not defermuned a mean figure was used This was derved from the Lipd
contents of the 16 rats used for determmation of total The mean figure for
these rats was 63 - 10 g lipid per 100 g body weight (mean + standard
deviation of the samples) It was assumed that 70 % of these lipids repre
sented adipose tissue lipids and thatall adspose tissue lipids had the same speetfic
activity as those artually measured The adipose tissue would contan about 4 %,
of the blood When thus 15 taken 1nto consideration the data generallv does not
show an mual peak of adipose tissue radioactivity but a slow gradual rse
However the vanation between indidual rats and between the doses are
fauly wide The data are less relable than those for hver heart kidneys spleen
or lungs since only a sample (eprdidymal adipose tissue) and not the entire
adipose tissue mass was studied

Sum of radwactivily tn the tisstes studied At the shorrest umes the radioactivities
i the tssues studied add up to 70 9, or more of the dose mjected At the
longest times this sum 15 as Jow as 35 % 0 some cases The decline can be part
Iy explained by owdaton of the fatty acids The results from the experiments
where total actinty was determined showed howeser that mn all cases more
than 70 9, of the injected radioactinaty could be recovered at the longest tumes
This means that a considerable fraction of the radioactvaty must have been
{ocated 1n tissues not sampled or that the samples were not representative fur
the tissues In recent denucally perforined expenments with labeled fat emuj-
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stons stmilar results were obtaned In these experiments we therefore hydro-
lyzed the remams of the rats and d the rad Y 1n a petrol
ether extract of the acidified hydrolysate The radioactivity recovered was ade
quate to explain the discrepancy between the sum of blood, ner heart, muscle
adipose tissue Jadney, spleen and lung rad tes and the rad:
recovered 1n the homogemzed whole rats Thus the methods used were adequate
In comparison with the results obtaned by Bracpow and Gorpow {1958) our
values for adipose tissue and muscle are Jow

Discussion

The mawn purpose of the present work was to study the effect of the hpid dose
~on the tissue distribution of fatty acid labeled chylomicrons in rats
Tn earhier work on the tissue distibution of 1njected Iabeled chylomicrons i
the rat, doses of lipid have been used, which minaily give unphysiologicatly high
concentrations of chylomicron lipid 1n the blood Bracponand Gornox (1928}
myected 18 and 44 mg lipid 1n o expenments, FrEncst and Morws (1998)
40—60 mg BorcsTRoy and Jorpay (1929) 21 5 mg and OLivecrova {19625)
120 mg all duning the course of about | munute The normal influx of chylo-
mucron lipd from the intestine 1n the rat has been estimated to 60—80 mg per
hour (ABERDEEN SuEPHERD and Snnyowns 1960) In the present study the
amount of chylomicron bipid mjected over 1 minute ranged from 4 1 to 124mg
per rat or approcmately 20 to 600 mg per kg Calculated as rate of nflux ou
Towest dose thus still exceeded the physiological range However after distn
bution over the blood volume the concentration of chylomicron Lipd resulung
from the lowest dose probably fell within the physiologrcal range
Disappearance of chylomcron fatly aads from the cueulating blood Frencit and
Morris (1927} reported that when fatty acid labeled chylomicrons were t?
Jeeted ntravenously 1nto rats the major part of the label disapperred at an
exponential rate They stated that the rate was inversely proportional to the
amount of hpid myected The disappearance curves leveled off at a Jow e
of radioactniny, OLvecrowa Groree and BomrgsTro (1961) showed that
this break 1n the curve 1s manly due to phospholipid fatty 1ads i the 1m
Jected chylomicrons which disappear at a slower rate than the glycende faty
aads Part of the break 1s also due to recirculanon of label ‘
Caresov and Hatrpero (1963) have recently studied the ehmunation of
sntravenously myected fat cmulsions 1n fasting dogs They found that belov
a concentrauon of 1 1 mM glycende per hter blood the ehimination was °\“
ponential @ ¢ a constant fraction was removed per ime unit Above 1 mrd
per liter blood the elimination was inear : ¢ a copstant amount was rcmlgo)
per ume umt The maximal removing capacity was calculated to be abolt!wd)
mM glycende per liter blood and munute Fn a 200 g rat as used in this s
shis wonld mean about 0 7 mg tnglycende per minute per rat.
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Thepresentdataare not sufficient to define theinutial prrt of the di 1opearance
cunves accurately The data do not indicate any sigmficant difference 1n the
mutial fractional disappearance rates for doses from 4 1 to 33 mg Liprd per rat
(Fig 1) With the two hugh doses 64 and 124 mg hipid per rat, the label dis
appeared more slowly from the blood and the disappearance cunies were more
complex than for the low doses (Fig 1) It seems that for the huigh doses the
fractional disappearance rates were less 1n the first ime mtenval than r the
second These results do not agree with those of FrRencit and \Mogres bt mught
be fitted to a pattern simlar to that reported by Carrson and Harteere In
our expeniment with the highest dose 124 mg hpid about 44 ¢4 of the label
was lefy 1n the circulation at 20 mun Thus about 70 mg hipd had left the arcula
ton dunng these 20 min corresponding to at least 3 » mg per mun This would
bea figure for the 1 d rate The figure 1s about
3 times higher than that calculated from the value for dogs

The second slow part of the blood radieactwity curve was quite simlar for
all doses The mean values for blood radioactivity were between 1 8 and 2.4 %
of the injected dose at 80 min and between 1 3and 17 ©5 at 160 mn At these
faurly long tames most of the label probably rep d from the
Iner or other tissues From this humited evidence 1t thus scems that the frac
tonal rates of these \¢ were mdependent of the amount of lipd
tnjected Most probably this means that the labeled fatty acds at these tunes
were maxed into faurly large pools

Luzer Previous studies have indicated that the lver plays an important and
Perhaps unique role i the metabolism of chylomicrons There 15 evidence that
chyloraseron tnglycendes are taken up mtact by the Iner (Borostrodx and
Jorpan 1939 Orrvecrona 1962a) The fraction of chylomicron fatty acids
taken up by the hyer 1s not definttely established Published figures are 20 94
(BraAGDON and Gogbon 1958) 25 o (Frencu and Morrn 1958) 33 9, (Bore
STROM and Joroax 1929) 40 9, (OLrvEcrona 1962 b) and 32 ©, (OLIVEGRONA
19622) All these figures rep fatty acd rad y after of

labeled chylomicrons but have been calculated in different v ays Thus Bracoon
and Gorpox reported 9 of cleared activaty found in the hver the next three
figures are % of myected dose found tn the Iner and the last figure 1s the ratio
of fatty acid radioactivaty 1n the lier to total fatty acid radioactivity recosered
None of these figures measure directly the fraction of chylomucron glycende
taken up by the hver We hnow that once the chylomicron tngl cende 15 taken
Upinto the liverstas rapidly metabolized A fracuion of the fatty acds s oxadized
other frctions are reestenfied into tnglycerides or phospholipds A fracton
of these newly formed esters are incorporated nto hipoproteins and transferred
10 the plasma from where a fraction probably disappears into extrahepatic tis-
sues On the other hand chylomicron fatty acids may also be retransported
from extrabepatic ussues presumably as free fatty acids and a fracuon taken
up by the her Thus the maximal radioactiity found in the Iner 1s actually
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the sum of primary uptake of chylomicron fatty acsds oxidation and recrenla
tion and does not measure directly the fraction of chylomcron fatty acds
taken up by the Iiner

The rats 1n the present expeniment were nigorously carbohydrate fed to
mnmuze the oxidation of the fatty acids and thus reduce one of the sources of
error 1n the evaluation of the fraction taken up by the hver Sull appreciable
amounts were oxadized 1530 9, of the total fatty acid radioactivaty were Jost
dunng the expcnimental time (80 ~160 mn) Ths fixes the decay rate of the
total system, or at least 2 mean decay rate during the experimental ume The
rate of decline of the liver radioactivity after the maumum had been reached
was faster than the decay of the rest of the system This means that esther the
fractional rate of oxadation was higher 1n the liver than 1n the rest of the system
or there was a net transport of label from the Liver to other parts of the system
In most cases both alternatives were probably true Thus 1n most cases the dif
ference 1 radioactvity 1n the Iinver bety the pont of and the
last point measured was slhightly larger than the difference between the total
recovery at zero time and the last ttme This means that even f all ouidation
took place in the biver and during the time interval between the maumum
and the last point some net transfer of label from the lver to other ussues
must have taken place Thus the maximal radioactivity 1n the liver 15 really
a minmum figure for the primary uptake of chylopucron fatty aads by the
hver After the uptake of a considerable fraction more than 50 %, of the chyfo-
macron fatty acids 1nto the liver part of these are transferred from the lner to
extrahepatic tissues

With doses of 4 1 to 33 mg hipid per rat about 50 % of the myected radio-
activity could be found 1 the Iner at short times For these Jow doses there
“was no appreciable vanation of ths figure with the dose At the two high doses
howeser the 1 Liver rad y was apy bly less and 11 appear
likely that at these doses the Liver became relatvely saturated and 1ts fractional
rate of removal of chyl rons from the it d d

The d in the fi 1 disaf ce rate of the label that occurred
at 6% mg hpid cannot be accounted for only by a decrease 1 the fractronal
rate of removal of chylomicrons by the liver but must mean that the fracnonal

rate of removal of chyl by the hepatic tissucs was also decreds
It seems that at doses of 64 mg hpid or more there was a general overloading
of the system the bef of which ¢t | ding!

abeled

After the uptake of chylomicron tniglycende into the liver a transfer of I
fatty acids to the phospholiprd fraction occurs (BorgsTROM and Jorpan 1958,
OLvECcROAA 1962 2 b) Whether this transfer proceeds via hydrolysis and r¢
estenfication of the hiberated fatty acids or v1a a transestenification mechans™
s not known Tig 2 3 and 4 show the glycenide and phospholipid radio-
actinities for 3 of the doses The transfer of label to the phosphohpids occurt!
slower with Jugher fat doses Tius may indicate a slower utilization of the 17
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gheerdes 1n the higher doses or 1t may simply be a result of the lower specifi
actvity of the fatty acads mn the higher doses

Otker fusses A primary uptake of chylomicrons by a tissue would gne
mtial rapid nise, of radioactivity as was found for the liver Dependiug upon
the rate of disposal of the fatty actds by the tissue, the radioactivity would then
level off or decline The spleen and the Jungs showed ths type of curses with
mtial peaks of radioactivsty and 1t may thus be concluded that these tissues
take up fi of chyl; fatty acids winch are then rupdly
thsposed of by the tissue Whether they are oxadized 1 the ussues or transterred
back to the plasma and transported to other tissues cannot be deftermned by
the present data

The heart the kidneys and the muscles on the other hand showed no mtial
peaks of radioactraty and when the contribution of radioactivaty fiom sesidul
blood 1n the tissues was taken into consideration they showed a slow ri<c of
radivactivity as would be expected If they took up mamnly rearculated label

The adipose tissue showed a small 1mual peak of radioactivity 1n some of
the ¢ases The dommant feature however was a secondary rise of radioactnaty
It seems probable that adipose tissue takes up marnly recrcculated label and
that 1t might be a major destination for the net transport of label from the s er

Mz Intve G Miss RersTIN and Miss MARIETTE JONSsON gave
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The Physiology of the Swimbladder of the Eel
Anguilla vulgaris
1 The solubility of gases and the buffer capacaty of the blood
By

Jouax B Sreex
Preeeved 27 October 1907

Abstract

Stren J B The physiology of the s cimblad “rof theeel Arguilla eulgans
I The solubility of gases 2nd the buffer capacity of the blood  \ctv
physiol scwnd 193 58 124—137 — Some physiolomical propertics
of cel blood which mav hve importance i gas exchange m the
swimbladder hue been d Using the Scholander and
Roughton syrinte analyzer for blood pascs and mrcromethods for
determination of lacnic tcrd and pH the solubihity of the gases of ur
has been measured 2t various temperatures and pH e cls at pres
sures up to 1 atm ‘The buffer capiaity of ecl blood has also been
studied 1n some detal The O, and CO, solubiity followed the
same general pattern as 3s known to obtain in blood of other species
The Oy-content of blood 1t 1 pO, of } 1tm 15 reduced by about 40 o
when the pH s lowered from arzens) salues to 70 The Npand Ar
solubility 13 approvimat Iy 10 °, reduced when the pH of cel blooxd
15 lowered from about 78 10 75 Using the same espenmental
technique no such effect was found on eet plasma blood from man
trout or cod

The volume of the teleostean swimbladder 1s regulated by secreton and
reabsorption of the 1tmosphenc gases (13 reabsorption usuilly occurs i an
anttomeally specialized part of the blidder where gases cm easth diffine
sato the blood while gas secretion 14 accomphished by the gis ghnd Junn
secretion Al these gases wath the posaible exception of CO; re transporied
to the gland by the blood Here gis 1s remaved from the bload nd depouted
1n the smambladder 1t a lugher parual pressure In deep sea fishes the pOs
inside the bladder myy be several hundred nmes higher than 1 the WHef

124
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All the other gases of air are also frequently found m the bladder at 2 tugher
pressure than they have m the water (SciotAnper and vax Dur 1923)
\umerous theories hiave been advanced to explamn this abihty of the swim
bladder to concentrate gases (Fidz Harr 1924 and Dexton 1961 for reviews)
They differ masnly m the significance ascribed to the properties of the glandular
epithelum . the vascular system and the blood 1t carres to the epithelum and
the manner 1n which these nteract

‘The most common theory offered to explamn gas secretion was first pr posed
by Haroase (1922) It postulates 1n 1ts most complete version (hurs and
Rumv 1961) that some acid substance 1s released into the blood as 1t passes
through the swimbladder This acid causes an mncreased O tension 1 the
blood (Bohr Root effect) and an increased tension of gases in general due to
the salting out effect of the acid A gas tension gradient 15 hereby mduced be
tween efferent and afferent blood 1n the vascular counter current bundle the
rele of the gas gland In this rete the primary gradient 1s then multiplied
to considerable pressures allowing gas to enter the bladder by diffusion

¥t 15 clear that 2 knowledge of the properties of fish blood 1s important
for our understanding of both reabsorption and secretion of gases It seemed
appropnate therefore to begin this study of the mechanisms of gas exchange
n the swimbladder of the eel with an anadytical mvestigation of some pertinent
factors which snfluence the content of atmospheric gases 1n the eel blood

When the blood of most fishes 15 acidified by CO, or lactc aad 1t exhubits
mot only a Bohr effect 1¢ a lowenng of the O, affimty with full oxygenation
stll obtanable at hugh enough pO  but 1t apparently also suffers a loss of
O; capacity (hroos and Lerren 1919 Roor 1931 Powsrs 1932 Sciorax
DER and VAN Dant 1924) Thus property of fish blood 15 called the Root effect
Sctotanver and vax Dast (1954) found a pronounced Bohr effect 1 the
blood of sexeral species of deep sea fishes where the hemoglobn at low pH
attamned full saturation only at pO, between 20 and 130 atm In other fishes
PO, up to 140 atm did not ncrease the hemoglobin bound O, above that
Tecorded at 20 atm mdicating strongly that the blood suffers 2 permanently
reduced O, capacity (Root-effect) These experiments 2o make 1t clear that
one cannot decxde on the presence of a Root effect based on low pressure ob
SeTvations algne

VAN S1¥Ke, Drmrovw and Marcaria {1934} found no effect of pH vana
ons upon the solubihity of N 1n ox blood They showed that N, dissolves
according to Henry s law The same has been shown to be true for ™o 1n the
Blood from two species of physostome fishes (Coregonus laarefus and Salmo ol
firws) (Suvpves Exvs and Scuorasper 1998)
1 The content of CO, 1 blood 15 closely related to the buffering capacity

11 most cases fish blood has a lower CO bindins power and a lower buffering

capacity than has mammalian blood (Root 1931 Reprerp 1933 = —
and Braca 1941)
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Fig 1 Blood gas equilibrator A — Window cleancr motor B — rack G — tonometer D—
rubber stopper for blood samples E -— drop catcher F — bunudifier G — gas filled rubber
bladder I — blood pipette with modified hypodermic needle and H ~— gas eut The walet
Jevel 15 indicated by the broken lme The chamber 13 kept 1n position by the rubber band, which
also acts as 2 driving belt Duning sampling the chamber 15 pushed down and out of the rack
50 that the rubber stopper 1s yust above the water surface

Although previous investigations (Kawasoro 1929 I and II Rices 191}
strongly indicate that eel blood 15 generally similar to blood from other fishes
« detailed knowledge of some of 1ts reactions was necessary The mun
Iyect of thus mvestigation was to establish the effect of varying pH and tem
perature upon the relation between the content and the tension of the atmos-
pheric gases 1n eel blood Ths enabled estimation of the gas tension from
measurements of gas content pH and temperature 1n later i v o expenments
where direct tension measurements were diflicult In addition the buffer ¢
pacity of eel blood at different CO, tensions has been investigated

Materzal

cel Angulla rulgers

These investigations were performed mainly on blood {rom the o
 Sa

but also to a small ~xtent on blood from codfish Gadus callanias ramnbow trou!
imdens and man fsh
Female cels were bought at the fish market They had been captured i salt ot bracks’

water At the laboratory they were kept m runnmng fresh water The temperature i
the water vaned from 5 to 15 C depending on the tume of the year Although the T
were not fed thev kept 1n good condition for several months Codfish captured fm .
Oslofjord were kept 1n arrated seanater at 12 C Rainbow trout were boughl‘ ;"a”’n]y
tront breeder and kept 1n runming tap water at 10 C Cod and trout were kept fo

a few days in the tanks Human blood was supplied by the author
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The fishes were bled by heart puncture The blood was drawn into a hepannized
synoge and stramed through a double layer of gauze before use Blood was always
used the same day 1t was drawn The equilibration gases were mixed from out door arr
punfied O, N, and Ar and techmical CO,

Methods

An average ecl gives 2—1 ml of blood As this sample should provide adequate
amounts for several different analyses 1t was necessary to deselope techmques for equibi
bratron of small volumes of blood 2nd to apply micro methods

1 Blood gas equilih A was constructed for this part of the experiments
Thus wstrument 15 shown schematically m Fig 1 1t consssts of a horizontal tube which
# rotated approamately 230 back and forth around 1ts long axis 1 hile flushed wth
&2 from a reservorr The gas 1s bubbled through a solution of sotonic NaCl before st
coters the chamber A heric pressure prevads mwsde the chamber
during equilibration Except for the gas source and the gas outlet the entire mnstrument
Is immersed 1n a waterbath thermoregulated to within 1 C With this techmique as
Itde as 05 m blood can he equilibrated for 12 hours wathout any measureable change
m blood volume or any signs of hemolysis

Blood samples were sucked up mnto the appropnate pipettes through the hole at D
While the gas outlet was temporanty clamped During this samphing the tonometer was
Lfted out of sts holder B so that the stopper 1n D was abore wates leyel, Gas samples
were taken at H

? Biood titration A 25 ml blood sample was poured 1nto a 5 ml vial wath a plastic

cover A pH electrode and z glass tube leading gas from a resersorr entered the vial
through two holes 1n the cover The glass tube was drawn out to a fine tip which seat
7 stream of small bubbles through the blood The gas escaped through a third hole 1
the cover The titration was done by measunnr the change in pH caused by stepwise
additions of 0 17 M lacte acid or HCl Usually 5 or 10 oun were necessary for the pH
10 stabilize afier additon of acd In some expernmments a drop of octyl alcohol was
added to prevent foaming This procedure allowed estimation of the buffer capaaty
of blood whach was contmuously equilibrated with gas of a known pCO,

3 Anabtical Vethods The content of O, m 40 41 blood was estrmated by the method
of Roesrroy and Scaoravper (1943) with the modifications prescnbed for fish blood
by Scrovasneg and VAN Das (1956) The further modifications descrsbed by Stvpves
Exvs and Scxoranpes (1938) for blood from some salmoid fishes turned out to gve
:x:ﬂt(uraum sesults on eel blood Duplicate analyses on eel blood agreed within 04

7

content of CO, 1n about 13

The #1blood was estimated by the method of ScoLANDER
2nd Rovurow (1943) Duphea

te analyses on cel blood agreed within 07 vol %,
Sm'l“nc content of N, and Ar in 120 4l blood was estimated by the method of Epwaris
B "OLANDER and Rovcnrow (1943) with one nodification The aaid solution of the
s method for fish blood was used instead of that secommended This proved necessary
:)noonn‘ie{ {0 break the blood into floccul Dupheate analyses on ecl blood agreed withun
ol %

Gas samples were anal,
ysed with the 05 ml apparatus (Scroraxner 1947) Duplicate
analyses agreed wathin 0 03 vol P ¢ ) Puples
; 'ﬂﬁu PH of 25 il blood was measured with a Methrom pH meter equipped with a
“ﬂp;‘ Aty mucro blood electrode The meter was checked prior to each measurerent
0162 3 buffered solution of pH 712 The pH of duplicate blood samples agreed within
units All determinations were done at room temperature (19 t0 22 C; For these
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measurements blood was transferred from the pipette to the pH electrode m th fol
lowing way A drop of blood was deposited on a clean and hydrophobic porcelain dsh
‘The tip of the electrode was put 1nto the center of the drop and the blood was sucked
into 1t The blood which came 1n contact with the electrode was thereby obtained from
the center of the drop which did not suffer any sigmficant loss of CO, during the very
short time 2t most 15 sec during which the drop was m contact with air The de
pendability of this procedure was established by P the pH of samples from th
same hlood transferred anaerobically with samples transferred as deseribed These
values never deviated more than 003 umts from each other

The content of lactate was estimated by a micro diffusion method (Coxway 196
modified by ScroLaxnER and BrADSTREET (1962) to allow analyss on blood samples
as small as 5 mg Duplicate analyseson the standard agreed within 4 mg/100 ml and
on blood samples within 6 mg/100 ml Analyus on known dilutions of the standard
revealed a direct proportionality between lactate content and optical density

Hematocrit was determined either 1n a conventional hematocnit tube or sumply 1
the open blood pipette centrifuged with 1ts upper end m a drop of mercury The values
were read after 20 mm centrifugation at 850 g Duplicate determimations agreed withm
159,

Experimental Procedure

Blood gas equilibration The content of O, at different pQ, and pH levels was studied
as follows Blood to which varyng amounts of 0 17 M lactic acid had been added
was equilibrated with a 1nixture of O; and N, After 30 mun equilibrium was estab
lished and a gas sample was analysed for O, and inert gases  Blood samples nere
analysed for O, aficr 40 and 50 run  Additional samples were taken for determunation
of pH and hematocrit Ths procedure was sub equently repeated without further add!
tions of 2ad with 4 to 6 different mixtures of N and O, Fxpeniments of ths Jend
covenng a pH range from about 86 to 66 were performed at 8 14 and 19 C.

The expeniments on the content of CO 1n eel blood were arranged very simularly

1o which vanied amounts of 0 17 M lactic acxd had been added was tonometered

ith a mixuure of O, and CO, Gas and blood samples were analyzed afier at least 30
yun of equbbration Determinations of pH and lacuc acid content (measured 38
factate) were performed on parallel samples The procedure was repeated on 4 10
different gas muxtures but without further additions of lactic acid Experuments were
performed at 65 20d 195 C

Two procedures were appled ta study the solubility of Ny and Ar 1) Blood w3t
equilibrated with N, (or Arj either pure or admixed with CO, andfor O, In this way
both pH and pN\, (or p Ar) was changed from cxperiment to cxperiment 2) Blood was
equilibrated with N, for Ary either pure or admixed with Oy The pH was changed bY
adding 017 M lactir acid or 0 17 M NaOH 10 the blood Such expertments with Ny
\were performed on cel blood at 65 and 195 C on cel plasma at 65 C and on bl
from cod trout and man a¢ 65 C Ar solubility was mnvestigated only on ecl b
and at 65 C |

Blood titration A 5 ml blood sample was divded 1n two hahes One was trmf"”“":‘
stored 11 the refngerator The other was introduced mto the utration chamber “Ic
cqulibrated with COyfree air After onc hour itratian was started The other uml}ﬂ
was equilibrated with awr containng 3 o €O, and 18 , O, and then mr:\l«{ e
other expenments the first sample was equilibrated with CO,-containing aif An¢

srcond with CO, free air Thr same procedure was wsed on blood which had v;t’r;;: ;
adrop of octyl atcohol. Loth v pes of blood were titrated with both Jacuc acud an w0 C.
Such senes of titrations were performed on cel blood and on human blood a¢
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Fig 2

Fig 2 3 and 4 show the total O content (hematoent 40 , ) v pO at various pH levels
of whole blood at 8 14 and 195 G The pH of the blood equilibrated with a £ 15 given by the

numbers to the nght of cach curve The battom curve 1 fig 2 and 5 gives the measured O,
content of the plasma
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Fig ¢
Results

The content of O, Under 1denucal conditions of pO  pH and temperature
the Oycontent of the blood vaned according to the hematocrit which was
between 30 and 50 ©, This mdicates that the hematocnt 1s proporuional to the
Hb-content of the blood To standardize the results all of the values for O,
content have therefore been ad; d to h 40 9, Ths was done by
subtracting the physically dissolved O, from the measured Oyp-content and

» regarding the remmnmg O, as proportional to the measured hematocnt The
dissolsed O, was then added to the amount of O, which was caleulated to be
chemsealls bound to blood with hematocnt 40 ¢ The data represents theres
forc total O -content which would have been found had the hematocnt been
109,

In Fig 2 3 and 4 the Oycontent of blood at 8 14 and 19 Cus plotted

agamnst the O, pressure The latter 15 grven 10 ©, of 1 atm The atmosphenc
pressure dunng these expenments vaned between 740 and 770 mm Hg and the
vearly sanation 1n Oslo s usually withan 730 and 77> mm Hg The st
ervors introduced n this way are sasigmificant in the present context

The curves 1n Fig 2 10 4 are sigmoid a8 can be best seen 1n those taken 3t
tow pH values The pOQ, which corresponds 1o the point on the cune where
st attzins the slope for dis.olied O, 15 interpreted as the saturation point of
the hemoglobm at thar pH

The effect of temperature upon the Ogcapaaty 15 deper
pO, and pH The lower the temperature the lower 1s the pO,

dent both on th*
at which the
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Results

The content of O, Under 1dentical condinons of pO, pH and temperature
the O content of the blood varied according to the hematocerit which was
between 30 and 50 9, This indrcates that the hematoent 1s proportional to the
Hb content of the blood To standardize the results all of the values for O
content have therefore heen ad d to 1 1t 40 %, Ths was done by

+ subtracting the physically dissolved O, from the measured O, content and
regarding the remaining O, as proportional to the measured hematocrit The
dissolved Q, was then added to the amount of O, which was caleulated to be
chemzcally bound to blood with hematoent 40 % The data represents ther
fore total O, content which would have been found had the hematoerit been
40 %

InTig 2 3 and 4 the O, content of blood at 8 , 14 and 19 G s plotted

aganst the O, pressure The latter 1s given i %5 of 1 atm The atmospheric
pressure during these experiments varied between 740 and 770 mm Hg and the
yearly vanation in Oslo 15 usually within 730 and 775 mm Hy The small
errors introduced 1 this way are insignificant 1n the present context

The curves 1 Fig 2 to 4 arc sigmoid as can be best scen in thosc taken at
low pH values The pO, which corresponds to the pomt on the cune \\hdtr

5t attamns the slope for dissolved O, 15 mterpreted as the saturation pont o

the hemoglotun at that pH
“The effect of temperature upon the O, capaaty s dependes
pO, and pH The lower the temperature the lower 13 the pO; af whict

nt both on the
e
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Toble I Solubility of N ox biood from el cod trmd end pan at 63 € ihe sLeiibvof S
w el Blood a8 20 € and Bz solabilidy of Ar an eel blood 2t 6.5 €

Sproes| N0 of | Temp | pHeange  § Vaload 1ol Ar ~o of
ammals | C atlam atlamm Ar analyses
average {spread) | average (spread}
e b 20 850— A0} 149 {145—10) - 10
Bl Slmme | 65 lm780— 250} 181 (171185} - v
Tl lelulood | 60 | 620~m763) 16 (157~143) - 19
B ") sme | 65 {~736— 820 - 393 (389-400) 8
£ #fblood { 63 { 650~ 790 - 372 (370~373) &
Cod {0 65 { 610~ 850| 166 (162—163) - 14
Trour } 2 65 | 640~ 850) 144 (163~173) ~ 2
Max (1 65 ] 640~ BBD} 208 (200211} - 10

PH 2round 85 when equilibrated with pure O, Under the same <conditions
blood from eels more recently caught n salt water showed 2 lower pH down
10 7.5 1n freshly caught mdividuals This difference 1 pH was nof due 10 2
different Jactic acad content The lactic acid valves grven m Fig 5 and 6 2pply
onlt to “fresh water ecls  These cunves can be used therefore to obtam a
reasonable accurate estmate of any two of the four mentioned parameters
when the ather two are known For the blood from “salt water eel,  the curves
€an be used to esumate any one of the paramcters pCO, COpcontent and pH
when the two others are known

The curves i Fig 5 and 6 also give miormation about the puffer capaaty
of the blood Thus aspect will be discussed tn connection with the tiration
€penments

The solubeluty of Ny and Ar When the pH of eel bload at 65 C was lowered
Sepwise by addion of lacuc aad the N, solubtlty was constant down to @
PHofabout 721677 At this pornt a sudden fall 1n N, solubliry was observed
I'pH was aguq rased by NaOH the N, solubility also increased The same
Was observed when the pH was vaned by adding GO o the equlibrum gas
The pH value at which N, solubility was observed to suddenly decrease vaned
from specimen to specimen but was always berween 75 and 79 Typical
cunes are shown sn Fig 7 Thas effect of pH was found 1 the blood of 6 ecls
while 10 blood from 2 others 1t was so small that 1t ¢ould possibly hasve been
duc to Tacasunng errors The same effect of pH was abo found when the
solubility of Ar 1n eel Blood was mnesugated (Fig 7)

Exzedy the same procedure was applied to study the effect of pH upoen the
solubility of N\, 1n plasmz of el blood blood from tod trout and man at
65 Cand on eel blood 21 20 © In none of these cases was the solubibty of

1 found to be measurably influenced by the pH of the blood. The resuls of
these tests are compiled an Table I

3633015 Aea phys of scand 1ol 58
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rmalien as an eel changes environment during its hife span The eel 11 born

the Sargasso sea wmugrates to fresh water fakes 1nd streams wherefrom 1t agan

undertakes ats much studied but poorly understood nugration back to the

spawmng grounds The results of the present study throw hitle light on the

properties of ecl blood 1w 1ts natural emvironment They have, however proved

valuable wn further mquiries into the mechamsm of gas reabsorption and gas
an the bladder under lab v |

Dursng this tavesugaton T have benefited by prafessor R FAnae s thorough famharity with
the physology of the awimbladder T am sndebted to professor P F Scrsoravoax for hus entr
s of the manuscapt ¥ alsa wak ta ackaowledge the axpert crafunanstng of mr O Jyasty
at our Yaboratory worlshop and valuable yuggestions from my brother 1§ Steex Twub o
acknowledge financial support from AfS Norsk V acckngsforsikrings Fand
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The Physiology of the Swimbladder 1n the Eel
Anguilla vulgar:s

I The reabsorption of gases
By
Jonan B Sreen
Recesved 27 October 1962

Abstract

STEEN J B The physiology of the surmbladder in the eel Anguilla rulgans
II The reabsorption of gases Acta physiol scand 1963 58 138—
149 — Gas reabsorption from the reabsorbent swimbladder has been
nvestigated with the micro-blood analyzer and gas analyzer of Scho-
lander and coworkers It was shawn that Oy moves both from blood
to gas and tue tersa The rate of Oy reabsorption depends upon
blood flow and the O, gradient between gas and blood All the obe
servations support the view that O, 15 reabsorbed by diffusion Blond
flow 15 much increased by anoxia The reabsorbed Oj 1s hardly of
any respiratory use duning O, shortage of the water but may be
mmportant when the ecl 1s 1 the air The increased O, reabsorption
during O, shortage may also guide the cel to a more Q, nich en
vironment  Fishes have lcss hydrostatic problems the deeper they
Inve The reabsorbent bladder of the cel seems to have about the
same diffusion characteristics as has the human lung the functional
supecnionty of the latter beeing due primarily to sts favourable sur
face to volume rauo

Fishes obtain neutral buoyancy with the surrounding water by means of the
gasfilled swimbladder (Borerut 1679) Moreau (1876) showed that the blad
der volume 1s regulated by its content of gas while the pressure inside it 1s equal
to the hydrostatic pressure of the He thus lished that a fisk
marntans neutral buoyancy by an interplay between secrction and reabsorp-

tion of gases

138
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Many fishes have a partscular area of the swambladder specialized for gas
reabsorption This avea 15 supphed by artenal blood (Wooprann 1911, vov
Leoesur 1937 Faxce 1903, Denton 1961 Dorn 1961) where the tension
of the atmosphenc gases 1s approxumately equal to therr partial pressure 1 air
at the surface Since the total pressure of gases 1n the bladder 15 above one atm,
there wall always be a tendency for gas to diffuse into the blood In accordance
with this voy Levesur (1929) d d that the reabsort bladder of
Serranus cabnilla became completely emptied within a week after 1t had been
separated from the secretmng bladder by a hgature Moreau (1876) suggested
that gas reabsorption occurs by diffusian of gases into the blood, and this view
has not since been questioned

The swimbladder gas from fishes lving 1 well acrated surface water wually
has a composition sumilar to that of air although Oy pressures down to 0 01 atm
have been recorded Sunones (1929) « ¢ ovennflated the bladder of a codfish
wath a gas contawning 74 %, O, and 23 % N, Four days later the fish showed
normal buoyancy and a swimbladder gas consisung of 96 9% N, and 4 % O,
MerstERs and NaGgr {1935) and Rostorrer (1942) found that CO, was most
easily reabsorbed whereas O and m parncular N, were re tbsorbed more
slowly Fancr (1953) partually anaesthetized Genolabrus rupestrss bv replacing
some of the gas n the swimbladder with CO; while the fish was stimulated
to reabsorb

In the eel gas reabsorption occurs m a specral bladder which 15 separated
from the secretory bladder by a tube The am of thig nvestigation was to
describe the factors which mfluence the rate of O, reabsorption 1n the eel
bladder This mcludes measurements of O, reabsorption and O, tension 1n ar
tertal and venous blood of the bladder under selected conditions

The results make possible a rough companison between gas exchange as it

occurs 1n the reabsorbent bladder and m the vertebrate lung The two organs
which both serve a rapid gas exchange between blood and gas also have struc
tural sumfarities which male ths companson vald Dorn (1961) has given a
detailed picture of the fine structure of the swimbladder in the eel The epithe
hum hwing the reabsorbent bladder 15 fiat and the tissue as a whole has a
stnling resemblance to alveolar capillary walls 1n lungs (De Groor 1961)

Materral
The wvestigation was done on female specumens of the eel 4ngurila rul,ans kept in
;'l:nmng tap wa ter which had a temperature from 5 ta 17 C depending 1n the time of
ar
The eel 1 a ph wath th,

muscular tube the pne umatc duet This duct does not enabl

W hen the pressure nede the bladder
pressure hawever gas may escape through thus passage
The

to the foregut by an open
e the eet to fill the bladder

exceeds the atmosphenc
Fig 1 shows a drawi ng of the

bladder) has a museular sphincter at 3ts juncaion with the gut. Fros

duct (or reabsorb:
m this point 1t extends
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Fig 1 The swimbladder of the ecl in its expenimental posiion Natural s 2 A = reabsorbent
bladder (pocumanc duct) B = sceretory bladder € = setc murabile D — pneumatic duct
san, E = swimbladder artery F = swimbladder vein G = domal ven  H = sphunct
closing the openung to the gut I gul;d] = cannula in dorsal artery K = cannula mto
absorbent bladder The eel 1s immobilized n the cel holder

posteriorly between the gut and the kidnevs It 1s very vascular and constitutes the onlv
jarea of the swimbladder specialized to reabsorb gases The duct connects to the secretoty

) bladder about mudway along 11s length 112 a narrow tube which lies between the tho
counter current capillary bundles called refia mirabiha This makes a very comsenient
place for a ligature 1o separate the two bladders Doth bladders recenr blood from 3
common artery but the venous return 13 through separate vens Mort (1990) has
shown that blood can be shunted separately through esther bladder

Methods

Aralstical methods

Most of the analyucal methods employed are desenbed in more detal by STIIY
(19632) Gas composiion was analysed using the 0 5 ml analyzer (ScHotANDIR 1947)
or when only small samples were available with the water analyzer (scvmu»\,ml
etal 1955) The former gives the Oy and CO, with ap accuracy within = oo
the latter within + 0.2°,

Forty uil samples of blood were analysed for O, with the Rovenros and Qc:fau\g’:;
(1943) svnnge techmque modt:;:d sr fg!; bl;x:d after Sciolasprr and SAN

Repeated analyzes aj within 04 vol 5,
“?ﬁ?c) acu?l,:ﬁf 20 yl’hloodg:zmp!u wmbil'::su‘rcd x;r;lhm 002 wruts with a Methrort
) with a speaal o -elrctrode

P}:{:::o:z m were determined exther with a clinseal hematoent tube of 5P'Y
10 the blood pipette centnfuged with 11s upper end 1n a drop of mereun
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Fig 2 The expenmental arrangement with eclholder water supply binoculat microscope and
sample storer

Experimental

An el holder beld the fish belly up between two rows of pointed steel bolts Tap-
water was supplied through a glass tube tied snto the mouth From the gills water
flowed down 1nto a bucket where 1t was aerated and pumped back to the eel. Fig 2
illustrates some essential features of the expenmental arrangement

Isolatuon of reabsorbens bladder A hypodermic needle was mserted mto the reabsortient
bladder to establish access to 1ts contents The head of the needle was closed with 2
rubber stopper and the up was pushed into a tight fitting plastic tube slightly heated
at the up to make a collar Thus cannula was mntroduced through a hole 1n the secretory
bladder pushed mto the other bladder and then fastened with a ligature around the
duct connceting the two bladders (Fig 1) The collar prevented the cannula from
shipping out and secured a tight connection The contents of the bladder were anaerobs
cally reached by pushing a hypodermic needle fitted 1o a syrnge through the rubber
stopper 1n the needle bead

The rate of oxvgen uptake from the gas n the wolated reabsorbent bladder was quan
tuatnvely determined 1n the following way A gas sample was introduced nto the
bladder from a glass tuberculine syringe fitted 11th a modified hypodermee needle
The head of thus needle was cut in the Lathe until 1t could be fitted to the syringe by a
short length of plasuc tubing The gas was pushed back and farth a few tmes and a
00> mi sample anaerabically transferred to the analyzer 10 or 15 mimnutes later the
£33 was withdrawn into an identical synnge the dead space of which was filled with a
saturated solution of eitne acd The volume of the sample was measured with a liquid
seal 1 the tup of the synnge 30 that atmosphenc pressure presailed 1nsde the synnge
Repeated withdrawings of the same sample asrced to within 00% ml A sample of the
ga;;ﬂls analysed These measurements enabled calculation of the O, uptake within

m
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N

POyIn 4 of one atm,

]

Fig 3 Vanation m the composition of the gas i
the reabsorbent bladder In some expaniments
the Hadder was 1ntially filled with purc ™ {(up-
per curves) and the eel had ample water supple
In others the bladder was fznurmlh air (lower
curves) Curve A represents the results from an
experiment where the eel had ample water
supply in curve B 1t had a somewhat restricted
water supply and in curve C 1t recetved almost
no water

Blood samples were taken by punctunng the appropriate vessel with a modified £0
20 hypodermuc needle attached to a calibrated blood pipette as described above Prior
10 use a drop of heparme was sucked through the pipetie and dned by suction Dunng
sampling the blood filled the pipette by its own pressure

Very often several blood samples were taken consecutnely and a sample-storer W3t
constructed to mmmuze changes while they waited 10 be analyzed or treated funther
Ths sample-storer 18 shown 1n Fig 2 It rotates 120 back and forth to present seds
mentation and 1s cooled by tap water to avoid superaturation of the blood

Results

Compositeon of the gas in the reabsorbent bladder

The swimbladder gas of «everal eels tested showed large vanation The Oy
content vaned from 2 to 70 °, the CO, from 1 to 7 % and the \, from 90 to
30 °,, of onc amm

In the first series of expenments the reabsorbent bladders of 11 ecls were

lated and sep d from the g bladder The reabsorbent bladder

of each was then filled with N\, or air and the fish sutched together and returned
to the aquana At varying penods of ume eels were quickly anaestheuzed and
opened The reabsorbent bladder was always almost enurely empty the residual
gas having 2 composiuon from 1 to 4 9 O, 1—2 94 CO, and the rest e

In another series of expenments eels were operated as above but kept o7
the table while they recerved water at varving rates The isolated reabsarbert
Bladder was filled with 1 m! of esther N\, or air and the vanauon m comp+
tion followed by peniodic anahvsis of srall gas samples
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Fg 4 comparcsthe rate of O seabsorption to the O content of the blood leaving the bladder

The degree of O saturation of blood circulating the bladder 1s allustrated by companson of
the latter curse to the 0, saturauon curve

Fi1z 3 guves some typical curves It 1s evident that the final gas composition
1s1ndependent of the mitial comp but dependent upon the water supply
In ecls with ample water supply the O, content stabilized at about 012 to
014atmn 5 hrs Thus indicates that the O, tension of the artenal blood was
about 013 atm When the bladder mnally contamed N, the O, gradient from
Blood to bladder was therefore about 0 13 atm — when 1t was filled with air
1t was about 0 08 atm 1n the opposite direction The fact that the mtial I ml
a3 sample attamed the same compostion dunng the same time 1nterval i

dicates that the rate of O, movement 15 within the same order of magmtude
tn both directions

The rate of O yreabsorption

The rate of O, reabsorption was shown to be mfiuenced by 1) the O,
gradient between blood and gas 2) the Orcapacity of the blood supplymg
the bladder and 3) the blood flow through the bladder
The effect of varymg O, gradients upon the rate of O, reabsorption was
:;ludxcd 1 the following way The water supply to an ecl was reduced so that
duec (a:cnal blood artained less than 20 9, saturation The solated pneumauc
duct ¥as repeatedly flushed with an O,—™N, mixture of known composttion
mi of which was left 1 the bladder 1 or 2 mn later blood samples were
taken first from the pneumatic duct vein and then from the bladder artery
Finally a blood sample was taken from the dorsal artery The samples were
:d\urtd for less than {5 min before they wers analyzed for O, Hematocnt was
¢ etermined on arteral blood In parallel experiments the rate of O, reabsorp-
ion from gas mixtures of varying O -content was determined
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Fig 5 This diagram shows the tate of O reab
sorpuon tersus the O, saturation of th blood
entening the bladder

o
% w 3 5 £
%0 stnol 1 by g

€0y rema ¢d per 18 min

In Tig 4 the results are plotted and corapared with the O, equhbnum
curve at the presalent pH 72 (This cune was obtamed with metliods de
senbed an Syeen 1963 a ) One observes that 100 S, saturation of the blood
occurs only when the pO, 1n the bladder 1s above 05 atm At the pO, of air
for example the degree of oxygenation 1s shightly below 70 9, The ratc of O;
reabsorpuion at sarying pO; 1n the gas follows approximatelv the amount of
O; combined with blood 1nd g that the blood flow 15 rather constant
1 The effects of Op-capacity and blood flow were studied 1n the following way
An eel Iying 1n the holder was equipped with the usual cannula n the re
absorbent bladder The O, pressure in the blood was changed cither by
varying the water flow or by bubbling more or less pure N, through the water
75 mun afier regulation of the water supply andfor N, bubbling 1 m! pure Os
was duced 1nto the p duct and a measurement made of the
amount of O, taken up during 15 mun The bladder was agam filled with pue
0, 10 mun later After 2 min blood samples were taken in the following sequence
from the heart from the vein leaving the bladder from the dorsal vein and
from the dorsal artery ot more than 10 mun clapsed from starung the £t
sample to finshuny the last one These samples measunng about 60 M cach
were analyzed for O, and pH An additional sample was taken from the
dorsal artery for hematoent

The results of these experiments are presented n Fig 5 and an Ta r
Fig 5 the rate of Opreabsorpuion s plotted agaist percent Opsaturation o
artenal blood 100 ©, saturation sepresents the O,-cantent of blood with tie
pH of the artenal blood and saturated with awr These values are izken f"":’
2n carber work (Stees 19633} The Opreabsorpyion under these conditios

ble I In
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he
Table 1 shous the effect of anovia upon 1) the O carrying capacity of blood enterin,
bladder and 9) the pfpmm of tolal blood flow which cireulates the bladder It also shous
the degree of equilslration betueen O 1n the bladder and 1 the blood

£

Blood enterng the paeumanc duct Blood leaving the o

e ® pneumance duct blood 1n

heart from
PH O ~cont 4 satn O -cap O ~cont. / satmn l;m‘:ma“‘
‘ol Vol , Vol e

724 13 10 nz 125 100 18
Eatd 20 20 85 105 9 28
77 40 30 125 165 100 25
776 67 50 93 155 90 15
m 75 50 20 165 100 15
756 100 80 60 160 100 6
787 135 100 35 170 100 10
750 1o 100 30 150 90 12

* 100

130 content at 02 atm O
130 content at 10 atm O

of pure O, 1n the bladder increases by 10 fold as the degree of blood satura
tion falls from 100 % to 10%

The absolute blood flow through the pneumatic duct obtained by dividing
the O, reabsorbed with the A—V O, difference vaned considerably due to
‘arying size of the swimbladders The relative blood flow (re the proportion
of the total flow gomg through the reabsorbent bladder) could also be calculated
smce the O, content measured 1n the muxed heart blood 1s the sum of the 0,
n venous blood and that from the reabsorbent bladder both of which were
measured Table I shows that the relative blood flow through the preumatic
duct incr with d of the blood These values
suffer a rather large uncertamnty both due to measunng error and to the fact
that the proportion of the two venous returns to the heart may vary so that the
Tather short sampling time may not be representative

The table shows further that when the bladder contans pure O, almost
dco“gcnalcd artenal blood can carry 3-—4 times more O, than can blood
which 1 fully saturated at 02 atm O, The O, content of the venous blood
leaving the bladder corresponds very closely to the saturation values at 1 atm
O; presented carher (STeEN 1963a)

When the reabsorbent bladder was
1t was observed that as anovia devel
ncreasing number o
Judged b
clearly 1

pected through a binocul P
oped blood started to crculate 1n an
f capillanes The blood pressure mn the bladder sem
y the time needed for the blood to fill the sampling pipette was

ower duning anowa than under normal conditions  Although these
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observations are only qualtative, they mdicate that the increased flow through
the reabsorbent bladder 15 s 1 by general dl: Tlns means
that the exchange area between blood and gas wercases

Discussion

The results are all in agreement with the view that O, 1s reabsorbed from
the bladder solely by diffusion, although concluswe evidence for this 1s not
presented The observanen that O, can move from bladder to blood and twee
versa at rates which are not radically dufferent and that the Q, tension i the
venous bladder blood never exceeded the pO, in the bladder tn cases when
the pQO; was hugher than the arterial O, tension 1s strong evidence i favour
of this view It 15 further corroborated by the fact that the rate of O, reab-
sorption can be accounted for by the gradient in O, tension between bladder
and blood together with the O, capacity of the arterial blood and the blood
flow

It 15 very Iikely therefore that the mechanism of O, exchange 1s the same
n ths bladder as 1t 15 1n the vertebrate lung Goopricrt (1930) suggests that
these tho organs may indeed be homologues although the evidence 15 ambigu
ous We may therefore with some Justification consider the reabsorbent blad
der as a primtive editian of the vertebrate lung

The diffusion properties of the human fung and the reabsorbent ecl biadder
may be compared on the basis on their dafft p (Dy ) Inrespiratory
phystology thus term 13 defined as the solume of O, which diffuses from the
aheolr gas to bleod per min and mm Hg pressure gradient under conditions
where the blood leaving the lungs 15 not saturated at the pO, of the g%

J{ForsTER 1957) The Dy, for the human fung varies for several reasons but
50 ml/min mm Hg seems to be a reasonable average value An average value
for the diffusion area of the lung 1s 50 m* The D, per cm?® becomes therefore
50/50 v 10¢ = 1 ¥ 10-4 ml/pun mm Hg cm* We can obtain ap approxmate
salue for the Dy, of the reabsorbent bladder from the data 1n Fig 4 Froma
g1s contatming 35 % O, 05 mi O, was reabsorbed dunng 15 mm, and the
final gas contained 20 % O, The average pO, of the gas 13 thercfore 0 272 atm
The blood leaving the bladder contaimed 8 vol%, O, corresponding to an Q
tenston of 0 08 atm The average gradient between blood and gas 1 therefore
0275 =0 045 = 0230 atm (the blood enters the bladder with 1 O, tensicn

0 ¢ The

05
of 001 atm) or 175 mm Hy The D, becomes R 2.1

area of thus bladder 1s about 6 cm? which makes the Dy per cm* 03 < 10
1¢ about one third of the value for the human lung The diffuston dns(:nt?
between gas and blood wn the lung 13 commonly sct to 15 pt The uucknt!;(:
the comparable path 11 the ecl reabsarbent bladder can be measured 111 €

ronmucrographs of Dory (1961) to be from 3 to 5 pr The diffunion path &
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therefore some 3 times longer 1n the pneumatic duct than in the human lung
The difference sn D, per cm? seems therefore to be due 1o the difference n
length of diffusson path

Although there are large uncertamties 1n thesc values they mndicate that the
permeability to O, for the two tisues are approumately the same and also that
the vasculatization per umt area 15 about equal The main difference between
the two organs seems therefore to be the architecture of the lungs which n
vohes a large diffusion area compared to the total volume

In many fishes especially swamp dwelling species the swimbladder func
tons as a lung which 1s periodically ventilated at the surface (HARDEN JONES
and Marsiarr 1953) Most fishes, however do not or cannot ventlate their
bladdess In these cases the O, in the bladder may serve only as an O, store
Expeniments have shown that the bladder O, in fishes Inng at low pressures
will Last for no more than 5—15 min (HarpEx Jones and Marsuary 1903)
In deep sea fishes however both the proportion of O, and the density of the
82 15 greater It 15 possible therefore that O, stored m the bladder may be

of signuficance m these fishes although lation of bolic 'O, m the
biood may become profubitively high
A necessary p for this unl however 15 that the O can be

q

arculated to the tissues Most teleosts are euphysochists and the ven from the
resorhing area carnes blood duectly to the heart (Fance 1953 MARsHALL
1960) Here the blood 15 mixed with venous blood and circulated to the galls
These are very efficzent equilibrators and the blood will leave them with the
PO, of the water Duning mild O, shortage the O, which 1s reabsorbed m the
bladder wall partially saturate the blood before this enters the gills Duning
more pronounced O, shortage — when the bladder O, would be most useful
= the pQ), 1 the water may be lower than the pO, m the blood and the fish
all loose O, to the water The fish could possibly prevent ths loss by restncung
the arculation of water 1 the gl cavity andjor by decreasing the exchange
eliiciency of the gills It has frequently been observed however that fishes

*espand to O, shortage by hyperventilation (hrooH 1940) Exchange efficien
¢y could Bie reduced by

N of the i of the gills together
WI:j arterial enous shunts There are no aratonucal evidence of such shunts
and the of the gl capill 1n response to O shortage has not
been WLestigated

It would appear therefore that the bladder O, of euphysoclsts (and other
fishes with a symylar vascular anatomy) cannot reach the other tissues hence
1t has ng Tespitatory sigmficance The obstrved increased O, reabsorpuon
durtag anowa mav on the other hand have some ecological significance

HooLian (1961) showed that some fishes sech out the most O, rich water
of an eavironment of graded O sinply by d random
swimming acuvity i the O, poor areas In the eel the O, poor environment
also induces ncreased O, reabsorption 1n the swimbladder These two reac
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tions will af the eel steadily secks a depth where 1t 15 neutrally buoyed, lead
the fish closer to the surface where the O, content 15 always high

Compared to other fishes the cel can stay on land for a long time They Ine
for at least 24 hrs on the moust cement floor of the aquaria room in our labora
tory Under such conditions one can observe that the gill cavity 13 kept blown
up but closed Only rarely does the eel renew the air 1n the gill cavity  Under
these conditions therefore the eel can utilize the O, which 1s reabsorbed from
the bladder 1n respiration It 1s also probable that the exchange efficiency of
the gills are reduced when they are surrounded by arr and not water since
the lamellae of the gills will shck together

When a fish swims to greater depths gas sccretion 15 desirable to save the
work needed to avoid sinking but lack of secretion does not have fatal results
When swimmung upwards howeser, the swimbladder will expand, which may
be fatal as commonly observed Different species are certanly able to tolerate
different degrees of bladder expansion But since the volume will mcrease a8
the rauo of displacement — 1 terms of pressure — over the imtial pressure,
fishes will have more vertical freedom the deeper they live

It seems reasonable to assume that fishes regulate gas reabsorption mamly
according to hydrostatic necessity while the reaction to anoxia 1s more second
ary Reabsorption for volume regulation probably usually occurs in well aerated
water hence the blood reaching the reabsorbent bladder has a pO, closc 1o
02 atm As 2 consequence O, reabsorption under these conditions 13 not
dependent on the capaaty of h lobn to carry O, unless 1ts O, dussociation
curve 15 sigmond or otherwise  unnormal  This means that all the gases of 2
are reabsorbed according to their pressure gradient and their solubility 12
blood and in the nssue separating blood from gas

? 1 am thankful to miss I CJoey for the expert drawing of the swimbladder Iwishto acknow!
edge financial support from AJS “orsk Varckngsforuktings Fond
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From the Department of Pharmacology harolin ka Institutet Storkholm Sweden

The Role of the Card: Iar Resp n
the Resistance to Asphyxia of Avian Divers
By
N K Horreneere!? and B Uvwas
Recewed 31 October 1962

Abstract

Houtenpere N ko and B Uvnas The role of the cardiorascular
response tn the vesistance to asphvaa of avian diwers Acta physiol scand
hetzed

1963 58 150—161 — Sub asphvaa n
ducks produced a ch Jatory response of a
ed bradycard blood pressure  decreased

splanchrue and skin blood flow and hLittle ¢hange in skeletal muscle
hlood flow The arculatory responses to asphyua were completely
abolished by denemation of the caroud chemoreceptors and baso~
ceptors  Continuous measurement of arternial oxygen saturation
showed a biphasic fall dunng asphyxia decseasing very rapdly
duning the first 40 sec and then falling much less rapidly at the ume
splanchnic and skin blood flow reached a munmurm It was concluded
that the marked abikitv of divers to withstand asphyxia 1s related to
thetr arrculatory response The net result of the circutatory responst
15 to decrease the oxygen supply to arcas that can cauly withstand
an oxygen deficit for a hmted penod conserving the available
oxygen stores for tusues more sensitive to a lack of oxygen Evidence
1s presented which suggests that the above described response 18 due
to chemoreceptor sumulation

Natural divers are able to withstand prolonged asphyxia because of thew
ability to decrease their oxygen consumption duning submerston (SCHOLANDER
1910 Axpersen 1939) While 2 marked crculatorv responsc has long been
considered one of the major mechanisms by which divers conscried ‘I"‘;
oxygen stores (IRvineG 19391 much of the evidence for changes 10 Temon
blood flow has been indirect Acrording to Invings hypothesss decrese
blood flow to those ussues which can operate anacrobically for & hnuted 1me

nal Heart Foundauon of Canada.
:mﬁ:ﬁ: B:;‘:nmml of Pharmacology Unnernty of Mamitoba Ve eaf 69 5%
\Wannipeg Canada.
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such as skeletal muscle and 1ntestine, spares the available oxygen stores for

other tissues such as the bram and myocardm that do not tolerate an oxygen
debt

In previous experiments when artenal haemoglobin ovygen saturations
have been measured duning submersion they have always been done on arterial
blond samples removed from the anymal generally only one sample bemng
avatlable duning a dive In those cases where sertal measurements were made,
the samples were fow 1n pumber and separated by a rather long tume interval
for technical reasons (Scroranper 1940) The development of oametry has
made 1t possible to measure artenal oxygen saturation continuously (NLsoO¥
1960} so that data on moment to-moment changes could be obtaned and

correlated with concomtant changes wmn blood flow distnbution to varous
nssues

Methods

Forty domestic ducks weightog 2 0 to 3 4 kg have been studied 1n all Al ducks were
Blndfolded at the b of the a8 this was found to calm them Skin
Inasens were made afier Jocal mbltration with 85 or 10 LidocameO (xvlocane)
Tt was found that, if tension: on tissues was ayoided by making long meisions and mam
Pulation near peripheral nerves was avoided the procedures sermed to excite the ducks
very butle as enidenced both by therr bebaviour and early experiments n which heart
}:;16 3:: blood pressure were momtored during the more extensive procedures that

low

Prel m which I sodsum tal and mtra
venous chloralose or chloralose urethane were used all showed different results with a
‘:;;fed tachyeasdia and dampung of the characteristic cardiovascular vesponse to

yua

Artersal blood pressures were recorded from a brachual or sctatic artery by a pressure
transducer (Statham P23 AA) Heart rate was determuned either by at interval recorder
Wiz smpulses from the pressure transducer or by mereasing paper speed on the polysraph
%0 that h art rate could be determined from the blood pressure recording Blood flow
‘Was recorded from the scratic artery bracheal artery or vem and superior mesenteric
‘t‘“s usually with the aid of a silicone filled drop chamber operating an ordinate re

order (Livoorey 198) When scianc artery flow was measured the leg was skinaed
204 a bgature ted tightly aboye the web 1olatig the web from the crrculanon In two
fh“;" of ducks sciatse artenal fows were crosscireulated by way of drop chambers so

u ea:;x duck had a leg perfused from the opporite duck
- ;‘ ‘;\ Etr to measure blood flow to a predomunantly skin preparation when brachial

OW wak measured the drop chambers were mnserted distal to the ongin of the

welldeveloped proximal d
was s ofy proumal musculature and the greater part of the distal wing musculature
Carotd ch

P and b was 11 h

n 3 ducks utlimng  postenor approach Smee the operau e procedure was too ex
tensne ta be done under focal anacsthesia the ducks were anaesthetised with “Tho-
Eenald  sodum metutural 1520 mefkg 1+ This 16 2 short actng barbirate
ithout atropine Like effects (Goonuay and Gratax 1936) The carotid bodirs were
Mentified Jow 1n the neck and the nssues surrounding them diided between ligatures
Sinee 1t was found 1 ble to sel ly d the ch

P
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without opeming the thorax and destroying the cervical arr sacs As a result both the
chemoreceptors and baroreceptors were denervated The carotid artery walls at the
level were also with 19, <yl g ); The vag: were
preserved during these pracedures The shin incrstons were then closed with skin chips
and the ducks allowed to recover from the anaesthetic for 6 to 8 hours One duck was
gwen a similar dose of Thiogenal and sham operated but its chemoreceptors were left
tact and 1ts responses had returned to normal within 3 hours of being anacsthetied
Continvous measurement of arterial oxygen saturation was accomph hed utihizing the
Atlas Doppel oxumeter The procedure and apparatus used were exactly as tescribed
1n detail by Roserr and Uvnas (1962) The oximeter earpiece was fitted with a through
flow cuvette connected 1n series with an artertal drop chamber through which blood
from a sciatic artery was runming The blood was returned to the duck by way of th
dsstal portion of the saatic artery Calibration was carried out using the ducks own
blood Because of an often Jerable dnft n the afier cahbration the
earpiece was connected 1n series as rapidly as possible and only 3 to 5 submersions
camed out before the axumeter was taken out of series and recahbrated The time
intersal between the imtial calibration and recalibration was generally under half an
hour
Submersion consisted of placing the duck s beak mto a beaker of water so that the
nostnls and mouth were held below water Care was taken to avoid any postural reflexes

during this 1 d Aly simalar resp were scen on manually asphyxating
ducks

When the drop chambers were used for measuning blood flow, hepanin about 2
mgfkg was given int ly Dextran (M: dex2 Ph was

ntravenously as required to compensate for blood loss except in those experimentt
where oximetry was done where blood loss was munimized by hmiting the extent of
the procedure as any lowering of hematocnit generally affected the results of oumetty
(Roszrr, and Uvwas 1962) Atropime 0 o mg/kg was given wtravenously to 10 dutks
and 0 1 to 0 5 mg total dose 1ntra arterially to another 12 ducks

Results

The results were obtamed on over 100 periods of submersion in 40 ducks
Blood pressure and heart were measured 1n all 40 ducks blood flow to feg
wing or gut mn 27 and cametry n 9 Three ducks were studied afier denena
tion of their cervical chemoreceptors and baroreceptors

Blood Pressure and Heart Rate
was 185 mm HE

The average restmg mean blood pressure in 40 ducks ol
{range 115—220) On submersion 38 out of 40 showed an average me:ulhb i
pressure increase of 32 mm Hg (range + 16 to +65) Two ducks s‘ﬂ;m
consistent falls 1n blood pressure of 18 to 25 mm Hg dunng submersion f} e
blood pressure increased from 115 mm Hg before submersion to 2 165 m:;uft
maximum at 60 scc 1 the example provided in Fig 1 The blood pr e
sncrease seen dunng asphyxia was accentuated after intravenous ;";'rl‘]:f.\ﬂ
A]] ducks developed a progressie bradycardin dunng submml?‘r;‘m "5 o

1n heart rate was generally appirent within seconds  moderate W
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Fig 1 Blood pressure arteral oxygen saturanion heart rate and muscle blood flow durng
asphyua DNote the very early fall i o¥ygen saturaton and heart rate Tachycardia and 1o
ereased arter al o gen saturation at A was a sociated with a brief struggle

Duck — No anacsthesia

and progressed to a maximum fall by about 60 sec and was so mamtamed
unul the end of the penod of submersion interrupted only by brief bursts of
tachycardia during 4 struggle As an example the heart rate changes are clearly
seen 1n Fig 1 where heart rate fell to 9 ¢, of control within the first 5 sec
was less than 70 9, of control at 15 sec and had fallen to a munimum value of
1695 at 60 sec At An Fig 1 2 brief burst of tachycardia which was related
t0a pcnod of struggling can be seen The muumum heart rates achieved
dunng submersion “crc 1 the range of 12 to 32 ¢, of control Afterwards a
derable tach with hyperpnea was generally scen [t 1s of

saterest that mn the two ducks showing a consistent fall in blood pressure the
bradycardia that developed duning sut

differed 10 no wav from the
others smce 1 had been suggested that the bradycardia that many species
develop dunng asphviua 1s due to baroceptor sumulation produced by an
tnerease in blood pressure (hORNER and Epwarps 1960} In all 10 ducks gnen
atropine 05 mg/kg intravenously the early bradycardia was completely
abolished but a less marked component that appeared after 60 sec was often
sull present The smaller doses of atropine gnen intra artenally had no ap-
parent effect on either the heart rate or blood pressure response to asphyxa
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without opening the thorax and destroying the cervical asr sacs As a result both the
h and b s were denenvated The carotid artery walls at the
level were also infiltrated with 1S xylocane contaring epinephnine The vag werr
preserved duning these procedures The skin incisions were then closed with skin clps
and the ducks allowed to recover from the anaesthetic for 6 to 8 hours One duck was
given a sumular dose of Thiogenal and sham operated but its chemareceptors were left
intact and 1ts responses had returned to normal within 3 hours of besng anaesthetised.
Continuous measurement of arterial oxygen saturation was accomphsh d utilizingthe
Atlas-Doppel oximeter The procedure and apparatus used were exactly as descnbed
1 detail by Roserr and Uvsas (1962} The oxameter earpiece was fitted with a through
flaw cuvetie connected n senies with an arteral drop-chamber through which blood
from a saiatic artery was runnung The blood was returned to the duck by way of the
distal portion of the saatic artery Calibration was carried out using the ducks own
blood Because of an often derable doft 1 the after calibration the
earpiece was connected 1n series as rapidly as possible and only 3 to 5 submersions
carried out before the oameter was taken out of series and recahbrated The nme
mterval between the mutal calibration and recalibration was generally under half a8
hour
Submersion consisted of placing the duck s beak nto a beaker of water so that the
nostnls and mouth were held below water Care was taken to avord any postural reflexes

during this di E 1y simslar were seen on manually asphyxiaung
ducks

When the drop-chambers were used for measunng blood flow hepann nboul_ﬁ
mgikg was given it 1y Dextran (M: dexQ P ) was ad

mtravenously as required to compensate for blood loss except 1n those expenment
where oxumetry was done where blood loss was mmimized by lmiting the extent of
the procedure as any lowenng of hematocrit generally affected the results of oumet?y
{RoseLL and Uvnas 1962) Atropine 05 mg/kg was given intravenowsly 10 10 ducks
and 01 to 0 5 mg total dose intra artenally to another 12 ducks

Results

‘The results were obtained on over 400 penods of submersion 1n 40 ducks
Blood pressure and heart were measured in all 40 ducks blood flow © leg
wing of gut n 27 and cametry in § Three ducks were studied after denens2
tion of their cervical chemoreceptors and baroreceptors

Blood Pregsure and Heact Rate

The average resung mean blood pressure i 40 ducks was 185 oot
{range 115~220) On submersion 38 out of 40 showed an average mn“hl(],utd
pressure sncrease of 32 mm Hg (range + 16 to +65) Two ducks s\mn
conststent falls sn blood pressure of 18 to 22 mm Hg dunng submersion

5 mm Ht
essurc tncreased from 115 mm Hg before submersion to 2 16!
e At Fig 1 The blood prese

mm Hs

maximum at 60 sec tn the example provided in e

mcoease scen during was ) d ;n" bmm,’;:, a';{)?ffﬂl
ng su

All ducks developed a progressive bradycardia duni godﬂmc O 18 s¢

3n heart rate was generally apparent within scconds m
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Fig 2 Blood pressure artenal oxyg n saturanon heart rate and muscle blod f!w changrt
duning two successine periods of asphyxia Note the biphase fall in arterial oxygen saturaton
with 2 marked retardation in the rate of fall at about 40 seconds

Duck — N\o anaesthesia

Blood Flow Measurements

! Sciatic artery blood flow 1n the skinned leg with the web tied off wascen
sidered to present skeletal muscle blood flow In all 17 ducks 1n which 1t was
measured flw duning the first 40 seconds of submersion (about the length of
ume of a normal dine Eviasses 1960) was equal to or very shghtly greater
than control flow levels In 11 of the ducks flow remained equat to control flow
throughout the 2 10 3 min of asphyxia ¢ g sec Fig 2 The remaining 6 showed
a mmmal to moderate fall 1n flow after approximately 60 sec Intra artersal
atropine 1n doses of 0 1 10 0 5 mg had no effect an muscle blood flow dunng
submersion These doses had no apparent effect on the ducks bradycardis o
pressor response 10 asphyxia

Prior to cross perfusion the changes in muscle blood flow duning asphyxut
descnbed above were seen 1n all 4 ducks in which 1t was carnied out Howere?
when the ducks legs were perfused by a resting donor muscle flow fell progres
snvely despite a constant perfusion pressure indicating a neuro,emcally mtd':‘i
od inerease 1n Tesstance 1 that bed as the nenve supply was the only u’mﬂﬂ"t
connection between the asphyuated duck and the perfused hmb As tﬂ"m
seen sn Fig 4 A Duck » s muscle flow falls conuiderably dunng submers
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depite the constant perfusion pressure supplicd by Duck Y Also note Duck ¥ s
mneteased muscle blood flow dunng Duck X s pressor response

Brachial artenal or venous flow was t2ken as an index of skin flow for resons
Previously stated In spate of the mcreased blood pressure skin flow showed a
Progressive fall during submersion 1ndicating a marked ancrease 1n resistance
to flow The fall was generally moderate to marked and flow reached a munt
mum at approsumately 40 sec (Fig 3)

Splanchmic blood flow s all ducks 10 which 3t was measured dusplayed 2
Datked fa]l during submersion 1n spite of the merease wn blood pressure agun
tdicating a marked wncrease m resstance Flow also reached a mymmum

sec 1 thus case and 1n ene duck flow measured by a drop counger all but
stopped completely after 40 sec until the end of submersion at 9 (I 3)

Oximetry

Artenial oxygen saturation was m‘as"‘d“d 18 9 ducks duning submersion

In spite of the precautions described under methods Tecalibration showed 1
39 or less change of bascline s only 4 d;cks 1}11 the others show g changes of
10 %, or more of baseline Qualitatrvely the Tesults were simp,e 1) 6 however
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Fig 4 A) Blaod pressures and cross perfused leg flow 10 2 unanaesthetssed ducks When Duck \
?sphyf)\atrd note the decrease 10 Duck s muscle blood flow perfused at constant presw®
from Du
B) Duck ~ no anaesthesia Typrcal pressor vesponse with bradveardiz during asphyxs
Cj Sarnc duck 8 hours later aft 1 denervation of carotid chemoreceptots and baroreeeptors
Note the increase 1n blood pres.ure and loss of the typical response to asphyva

Thirteen submersions 1 the 4 ducks described above displayed the following
changes 10 artenal oxygen saturation during submersion The fall n saturition
was biphasic Saturation began to fall within 6 sec and fell raprdly for the first
40 seconds {mean 40 range 34—44) to a level of 80 %, (mean 50§, rang?
77—82 %) The rate of dechne then changed dramancally wath a marked
retardation n the rate of fall so that at 2 min the artersal saturation was sull
70 % (mean 69 % range 62—78 %)

It should be noted that the time at which the decrease m arternl 043567
saturation during submersion showed « retardation in sts rate of fill 1s the same
as the tme at which skin gus flow reached a mimmum

Carotid Chemoreceptor and Baroreceptor Denervation

‘The acute effects of dencrvation included a steep incrcase in systohe and

diastolic blood pressures tn juss under 1 minute with hittle change in heart

zate as has been descnibed 1n aneasthensed dogs (Levy Brip and BrANDLIY

1955) The increase in blood pressure gradually waned over the next ho;m‘s:
that when the ducks responses to asphyia were again tested 6 1o 8 hou
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Tater their blood pressure had fallen somewhat but were still well above control
However as can be seen 1 Fig 4, B and C at this time ther charactensic
arculatory response to asphyxia Whichn each case had been as previously de
scrsbed was abolished so that there was some tendency 1o merease 1o beart
rate during asphyna and the characteristic pres,or Yesponse Wwas gone One of
the duchs succumbed after only 2 ta 3 mun of asphyxia which 15 much less than
they are usually able to tolerate To rule out the possibility that the Thiogenal
was sull acting after thiy long tme 1nterval another duck was gisen an equiv
alent dose and sham operated and had normal responses within 3 hours

Discussion

The crculatory response to asphya 1 divers and the mechanism by which
st 1s produced seems to be clear Proeressive asphyxia acing by way of chemo-
receptor stunulation produces an increase in perspheral resistance and an
early and progressive fall an heart rate Since the heart rate generallv falls to
one quarter to one sisth of control levels dunng asphyxaa 1t seems likely that
there 18 2 subntanual assocated fall in cardiac output as 1t 15 unhkely that
stroke volume could ncrease 4 to 6 tumes normal Ths 1s further suggested by
the findings of Dowsmg REMENSNYDER and MrrcELy, (1962) 1n anaesthetised
dogs that 1f respiration was controlled carond bedy shmulauon with hvpouc
blood produced 2 fall 1n cardiac output with a bradycardia that was sub
stantially less than those reported here Blood pressure rose despite these
factors because of a concomtant increase 1 penpheral resstance especially
an the splanchme and skin vascular beds The net effect of the fall m fliow to
vartous beds 15 that oxygen consumpnon s decreased That the fall in oxygen

and 1 D are causally related 1s further suggested
ing that the early precipstous fall in artenal o gen saturation be
comes much nore gradual at 40 sec when the heart rate and tissue blood
flows approath a munmum

horyer and Epwarps found essentially sumidar responses to hypotwa m one
group of unanaesthetised rabbits ¢ ¢, they responded to hypuwa with a progres
seenly bradycardia fall 1n cardiac output fall 1n oxygen consumption and a
concomitant increase of blood pressuse and total penpheral resistance (hor
“ER and Epwarps 1960) These responses were abohshed by chemoreceptor
denenation They suggested that the marked bradycardia and thus by m
ference the fall 1n cardiac output and the hypodynamic state was secondary
ta baroreceptor stimulation produced by the mcreased blood pressure due to
mense peripheral vasoconstrniction However Nes. has offered evidence that
fachycardra associated with hypowuia 13 not due to chemoreceptor sumulation
(Ve 1956) Furthermore the demonstration by Davy and Scorr that lung
deniervation 10 dogs converts the tachycardsa assoemated with hypova to 2
Prongunced bradycardia suggests that the tachycardia usually seen with

by the finds
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hypowia 15 secondary to hyperventilation the reflex effects of wlich mak
the chemareceptor response (DALY and Scorr 1958) Since divers become
apnetc during asphyvia the tendency of c} P 1 to produce
bradycardia becomes manifest This 15 further suggested by our finding of
bursts of tachycardia accompanying respiratory efforts e g, Iig 1 A and the
two ducks in whach asphyxia produced a fall of blood pressure assocrated witha
pronounced bradycardia While Rorner and Epwarbs believed that the
low output state was not advantageous 1n rabbuts the advantage to diers of
a mechanism for decreasing their oxygen consumption for a relaumely short
pertod 15 obvious
The marked fall in splanchnic and skin blood flow determined by direct
measurement substantiates the suggestion that blood flow redistribution 15 an
important factor 1n the ability of diving amimals to tolerate pralonged asphyxia
However, the finding that skeletal muscle blood flow failed to fall appreciably
mn the first tho to three mimutes of asphyxia when st would be smporiant
the conservation of ovygen stores was pected  Invna d ted
decreased muscle blood flow 1 many species during apnea using a thermo-
couple (Irving 1938) However hoth ScroLanprr (1940) and AvpERSEN
(1929) found decreased body temperature related to the fall in metabolism
dunng asphywa 5o that muscle temperature would have fallen without a fall
1n blood flow Also Scroranper (1940) found in ducks pengutnsand sealsthat
blood lactic acid stayed close to normal durng submersion and sncrcased
markedly afterward while muscle lactic acid increased durning a dne and fell
afterward He concluded from this that skeletal muscle blood flow was decreased
dunng dine It seems likely that the prolonged penods of asphyxia he used
six munutes and more would have led to a sufficiently severe degree ofhypoxsa
as 10 lead to anacrobic glycolysis n skeletal muscle whether muscle blood flas
, changed or not
Tt 15 possible that muscle blood flow does fall after six minutes of asphyx

Stx out of seventeen ducks showed some fall of muscle flow by the time o 10
three mmutes of asphyma had gone by However the results of owmetn
ndicate that the quanuitatn ely important conservation of oxygen begins before
tus ume 10 the first minute 5o that changes in total skeletal muscle bk
flow do not secm to be crstical i the r of the duck to asp} Luss £¥
yas not able to demonstrate the above mengoned changes i Jacue acd
concentrations during rather shorter dines in ducks (Fruassen 1960) The
possibality of shunting of blood flow awav from nutritional s essels 1n the "““‘;
arculation of the skeletal muscle bed ¢ g through the thoroughfare dﬂnb’:n
deseribed 1n skeletal muscle by Citaspers and Zweracit (1947) has T‘”‘! e
yuled outin these expeniments There 1s evidence that the sympathetic r’;’o‘slu
gic vasodilator nersex to skeletal muscle produces functional shunung { dor
‘and Uvnas 1962 Criasers and Zweiracnt 1947) and the finding ”‘;"“}“u
activation led to decreased oxygen consumption in muscle (RoseLe an
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1967} prompted Uvnas to suggest that they may be of importance 1o dnvers
(Lanas 1960) In the presentexpeniments wtra artcral atropme 1a substantial
doses had no effect on skeletal muscle blood flow  Furthermore the cross
arendation expesiments revealed that there was a neurogerucally medated
tendency toward vasoconstrrction sn skeletal muscle which was masked in the
avtoperfused duck by some combination of the mcreased blood pressure
bypoua and hypercapnez However the vascular reflexes ehiewted by dipping
the beak mnto water may not correspond to those during a dive when sheletal
mustle actwty concomtantly seours

Joransev and koo measured the rate of vepous pressure rise in a wde
branch of the fernoral vesn after the maim venous return from the lih was
oecluded as an wndirect index of artenal mfiow to that bed {Levy et af 1903)
They wterpreted thes finding of a decrease 1n the degree of 1enous pressure
Tise on otclusion dunng sut as evid of d d lumb blood flow
The diffexence between thew conclusions and those reported here by direct
Weasurement may be partially explaned by the fact thas they did ot skin
the lunb or te off the web and skin flow daes Iall dunng submersion It is
alsa haghly possible that there 15 a reflex venous datation asseciated with the
Bl m cardiac output and thus produced the fall wm venous pressure Thewr
Ending that unobstructed venous pressure fell 10 mm Hg during submemion

suppars the hypothess that what $hey were actually measunng was venous
dilatation

The chang w slope of the oxygen saturation falf duning asphya cauld be
explaned exther by a release of oxygenated red biood cells from the spieen
of a decrease 1n utshzation of oxpgen STURKIE nvestigated the first alternatine
and found that ducks do nos release red cells from the spleen o

uesng asphyxix
{Broanae 1943) 50 that & d uuk 15 the probable expl Itss
of intevest that the d rate of fall fat 80 05 k Jobimn satura

ton since thus 15 precwsely the pont at which the opposte effert would have
been expected from the shape of the oxyhaemoglobin dissotiation cunve wheh
bas 2 sigmoid shape as 1n other species Above 80 9, saturation the fall i
saturation relative to ¢ach merement of fall m ovygen tenvion 15 rather smalt
while below 80 % the cune changes sfope so that the fall m saturation mereases
markedly relatse o the fall i tension Therefore 1t would have been eepeated
that below 80 ¢, saturation tn the ducks the rate of fall would have been
reater than rather than less than the rate fall abave B0 %, The decrease
the rate of fall attests to ¢ of the y meck
This finding corvelates well with those of Axpersey {1959) who found that
while there was a marked fall 1 axygen P during sub
asphyvia sn ducks these might or mught not be a change in the first minute
For technical reasons 1t was not possble to denenvate the carotid chemo-
ptors without d g the b P at the same ume since w the
duck they he very fov s the neck achally within the seaphord wpper portion
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of the thorax (Ask Upvark 1935), so that after idenufying the structures from
above 1t was only posuble to denervate them by tying a series of ligatures
around the tissue i the aren preserving the major vessels and the vag: Howeser
since the baroreceptors have been shown to be msensitive to changes in oxygen
tension carbon dioude tenston and pH (RureR Lngestrano and ZoTrEray
1941) 1t seems very likely that the abolition of the characterisic areulatory
response to asphyvia after therr denervation was due to loss of the chemo-
receptors

SturnE, while enumerating a long Iist of possible physiological roles for
the arr sacs 1 birds does not mention the possibality that they provide a store
for oxygenated air available during submersion, or asphyxsa of any sort (STtR
xie 1954) Whale they have too sparse a blood supply for direct oxygen exchange
(STurkiE 1954), the muscular movements made during diving would be
sufficient to force air from them mto the lungs where txchange would take
place The finding that strugghng produced moderate ncreases m artenal
oxygen saturation (see Fig 1 A) 1s difficult to explain inany otherway However
this 15 not the only explanation for the decrease n rate of fall of oxygen satura
tion after 40 seconds since 1t occurred 1n tirds that did not struggle at all

Thus tnsestiganon + as aded by a grant from the United States Air Force research orgamization
mn Europe Contract AF 61{052)—502

We wish to thank Dr S Rosetr for valuable advice and Muss \{ Parseoney and Mrs
G Pawser for thewr help with the experm nts
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Determunation of the Hepatic
Galactose Elumination Capacity after a Single
Intravenous Injection in Man

The reproducibility and the infl of uneven
By
Niets Tyostrup
Recewved 3 November 1962

Abstract

Tycstrur N Determination of the hepatic galactose elimnation capacily
after a smgle wntravenous wmection n man The reproducibility and the
influence of uneren distribution Acta physiol scand 1963 58 162—172
-~ The hepatic gal capacity was d
from the disappearance curve in blood after 2 simgle intravenous
mjection Using conventional prnctples for the calculation the results
1n repeated expenments were reproducible within 10 per cent Com
panison of the results obtatned by this method with those of an infunion
method showed that the latter were consistently smaller Thus dif
ference amounting to an average of 15 per cent mught be caused by
uneven distribution of galactose between ats intra and extravascular
volume of d From 1 itowas
deduced that the uncven distribution mught be corrected for by paral

Iel displacement of the artenial concentration cune along the tme
axis Experiments with continuous infusions at different ratesindicated
that on the average the curve of the mean concentrations m the
body was delayed 7 mun in relation to the artenal cunve When the
single injection expenments were corrected for ths delay the dif

ference between the results of single injection and nfuston cxpen

ments disappeared

1 by the liver 15 assumed to be ndependent

ot the concentration m the blood at concentranon levels which are e.;nl;
obtamed m chmeal galactose tolerance tests (Tyostrup and WiNKLER ! J"
WatpsteEn ¢t af 1960) Under these conditions the galactose ehmination £

may be of value as a Iner function test

The elimivation rate of

162
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When the hepatic gak 1 rate 1s calculated from the doappear
ance turve m the blood after a smgle mtravenous mjection the result mav be
mfuenced bn the redistnbution of galactose 1n the body and by the extrahepat-
1c ehmmaton The renal excrenon of galactose can be corrected for approx
mately (Tyostrur 1961) The aim of the present work was to studs the repro-
ducibility and to assess the cffect of unesen distnbution by compansen of
expenments with single jection and mfusion of galactose

Methods
Expenmental proced.mes

Most of the subjects studsed had no endente of hver disease but <ome patents
with cuthoss of the liver were ncluded for comparson The expenments were pes
formed 1n the morning while the subjects were still nng m theie beds. They were kept
Exsting for 15 hours but were allowed to drink moderate zmounts of water No pre-
medication was grven, Galactose (Merex c. p ) was ingected mtravenowly m aqueous
solunon, sterilized by filtration.

In expenments wath single snyection 100 mi of the solution was ijected mtravenously
At a constant rate m the course of 6 mn, Twenty minutes after the wyection blood
Samples were drawn from a brachial or femoral artery 1n subjects with normal bver
function for 24 rmun at mtervals of threc munutes, and patsents with reduced elmina
Uon of galactose for 50 mun at intervals of five unutes The unnary excretion of gal
actose wag determined 1n 2 sample vorded some hours after the end of the blood sam
Pliog penod

In experunents wath contanuous infuson the solution was admimstered by calibrated,
motor-dnven syninges The volume mfused was between 0.5 and 2 5 ml per munute
the vanation bemg less than 05 per cent. Artenial blood samples were drawn 20 to
30 mun after begmnung of the mfusion, and at Jeast 4 on the average 6 samples were
taken at regular mtervals durng a peniod lastng for 20 to 60 mn. With wmtervals of
150 30 mug unne was collected through a bladder catheter

The concentrations of galactose 1n plasma urme and the solutions myected were

etermined as described bv Tvostree ¢t of (1994) Plasma concentranons were con
verted to concentrations mn plasma water by muluphcanon wath the factor 103
Caleulations

Only plasma samples m which the concentration of galactose exceeded 500 mg/l
‘m;c used for the calculations since the hepatic galactose ehmination rate usually falls

2t lower concentration levels (Tycstaup and W\ INELER 1938) Only concentration
Bme curves which appeared r

ectilnear used and therr s} calculated by
o ‘were ‘Opes were Y
. Ln the smgle injection expenments the hepatic galactose eltmination capaaty (GE)
nd volume of d were d by the gnen by TxGsTRUP
1%1)
GE = (M~ Usow) /t =0 O]
F=1fo_o @
where

the amount injected
Ut = the amount recovered 1n the unine
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Table I Reproducsbility of the results n repeated experyments with single tnections of golacrt
(500 mg per kg body ueight)

a Two successve determinations (AandB) on different days an 11 normat subjects and to
patients with currhosss of the lver 10 males and 3 fomales age 16 10 65 sears body we ght
48 1o 87 kg

NIELS TYGSTRUP

g .o t oo \ GE

(mg/ljmun) | (mg/1) (nup) It (mg/mat
Exper A Mean 0 2470 610 138 302
A=B g [ Mean —10 —1 F1 +3 ]
A 5D 83 63 33 61 69

b Two successive determimations (A and B) on the same day n 5 normal subjects and twe
patents with curthoss of the hiver 4 males and 3 females age 18 to 60 years bady weght
52 to 69 kg The second injection was given 37 to 122 minutes afier the first one the
residual concentration (19 to 1110 mgfl} was subtracted from ¢ ¢ of expetiment B

B o te- v G!
(mg/lfmm) | (mg/h) {mmun) ) {mg/mmn)
Exper A Mean 45 2450 595 133 51
A—B woj Mean +5 + 3% -1 ~3% 0
A Isp 133 ns3 82 78 77

¢ Seven successive determunations on different days 1n the course of two weeks in one nof
mal male, age 26 years, body weight 82 kg

g o to—0 AY GE

{(mg/lfmmn) | (mg/l) (man) () tmg/m}
Mean 440 2520 61 148 5%
5D 744 336 353 183 +
Coeff’ of variation 169 1330 57 "4, &l

Explanation of symbols g = stope of the rect lincar part of the elmination eunve in plasm®
€t ¢ = the extrapolated concentration at zéro ume ty 0 = the extrapolsied ume 3t 1:
concentration, \ = 1he volume of distnbution GF = the hepatc galactowe «} minan

capacify

.
too=the lated ume at zero of the rectiinear part ofth

chiminauon cunve and
€ - 9= the extrapolated concentration at zero time
From these equations GF and | are calculated on ¢!
cent 100 high owing to incomplete correction for urtnary foss

he average three and o P
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Toble . Compansor betneen single vyections and snfusions

Age | Bady | Sngle mypecuon Infusion
feae) ?kiim -~z ¥ GE {1-U }|-g |f
{mg/if | (B gl {tmgl | (mglt!
in) nun) | oun) | omen)
in 17 73] ~985) 1Y ) 68 | % }ENE} U
iR 28 0 J~32] 135§ 6 | 585 |~ 09} 081
sc 37 7 j~505 wl ) 5% 603 |+ 23} 097
va 47 8 J-367 ) 19} 582 535 |+ 44] 0%
BE 27 8 j-nt) 27 ] w4 58 |+ 62} OW
e~ ] s5 j~ss ) no} 533 1 e {4 93] em
Aa 3 5o {506t nal am | oa;m {- 22{ 0%
AL 48 65 f-2e2{ 156 % 430 { 300 |- 28} ro
296 { w2l 1
cr 38 L 49 foogs | 124 s | osy fe2tt] em
MP 18 sa f-3s6 ) uo i st | o265 {4 22} e
PRe 12 s {—157{ 196 { o5t | 216 {+ 04} 08¢

;mbalx marked with  des gnate pancats with carhoss of the bner
o eaplataton of g % and GE ¢ legend of Tab ¥
!1‘\03 The slope of 2 fatling cune 1 consdered to be gos ave)

= fafusion Tate mimus nnaty exceetion rate f = (I~U)/{—g Veng + GEangt)

12 infissson experments with two snfusions ar different rates 1 the same subject, GE
2d ¥ were cafentated by

cp=2lam U —galls = Us)

3,
524 @
2y Uy — g —
' a—Uay~la—Un) @
whore g4
24353 g2 = the slopes of the artenal curn 4

es
and B (the slope of a falling curve 1 defined ax posttive)
{4308 Iy w (e snfusion raes and
Ua3nd Uy - the mean wnmans exeretion 74165 1n the antervals stadied

mf!ﬂ“““vns (3} and (3} ase based on the senes weremens method of Les (1950
“me‘nﬁy Yaat GF and 1 are identicat duning different enfusion expetiments w the
anm;."b’"’ and that /— L can be regarded 25 3 constant i the anterval used for
e ‘fation of the alope When more than two mfonon experiments were perfarmed
‘Pnncxtp;:fbt subject GF and T wmere cafculated by regression according to the same

Results

In Tabie § ave gnven the roults of double determnanons performed a1 an
intersal of one to 7 days (a1 and on the same day (b In {) 15 shown the results
T 7 determunauans m one normal subsect performed 1n the courss of two
weeks ¢ appears that i aff three senes the vanation of the hepatic galactose
WB3015 4 taghy ! cand Fot 58
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Tabte HI Comparsson betueen single anyections and 1ifusions wath different slopes

Age | Body | Smgle anjection Tnfusion “Series merement
(yrs) [wegh
o |2 Y GE |1-U] —¢ |r (v GE
(mgilf} (1) | (mgf] (mg!| (mg/1t 0] {org!
mun) mm) | mun) | mn) un)
] 25 | 91 [~s06| 142) 600 | o713 3370) 086| 123 | 50

618 | — 106 | 081 (87 ) f(8+ )
202 [ —184 | 084

HY 5t | 79 |—-449f 11 596 | 683 | 4161 083) 14 | 40
—13 [ =41 - (81°) [(4*)
ve 36 | 92 |—~427| 136 563 | 753 +373) 070] 89 | 0
—67 | —546 (65 o) {20}
B A 191 0 |-354] 166 212 | 597| + 70) 087 129 | 4%
219 | 185 107 (78 5) | (8%)
BF 43 [ 45 {~569) 101 500 | 649 +220) 089 103 | %

369 [ — 95| 090 | (107 (e )
—83 —186] -
5] 23 | 62 {—390( 121f 407 [ 431 +1n7[ o079 103 | 830
267 | — 95| o9 (so) [ (&)
-56 ] —361| —

EP 30 { 67 (~308] 143] 392 { 55¢[+159{ 090 140 | 3P
208 ] — 24 081 (98 o) [{80%)
PN 4t | 09 |~339) 128 367 [1reg | +786¢ 078 97 { ™

541 4 403] o6t | (6 ) ](e8 )
272 | ~ 34| 084

-9} ~3o] -
KB 53 [ 59 [~817( 129 341 | 37¢| ~ 82| o8y 107 [ *®
18¢ | ~ng | 003 (83 {087 )
-9 ~ms) -~
RS 45 (44 {236 135§ 302 | w26[ 189 077 | 83 [ "0
245 | ~ 30 00s | (61 ) (9%
K HY 50 | 75 | ~149] 180l 20 | 309) ~ 98] 072] 135 177)
03]~ 20] 0en s |00
I
For explanation of svmbols see legend of Tab. I and 11
elimnation capacity 1s about 10 per cent The average difference berween ib;
double determinations 1n {a) and (bj 1s not staustcally sgmificant In Y\O""’:O
a3

subjects and patients with curhosis of the Iner there was no v:hﬂ'crcn(t1

reproduaibilits  therefore they hase been dealt wath together m the b “d‘c
The data from the expeniments with single injections and infusions 11 .

same sulyects arc glven Tables 11 and I1E the latter ancluding cxperune®

sath infusions at different rates
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In 6 expersments of Table 111 (characterized by ne ative values of I—U)
the post mfusion slope on the average was one per cent (SE 6 per cent)
smaller than the slope following a single mjecton

In 10 experiments (6 from Table If and 4 from Table 111) an approumately
constant artersal concentration 1 e between — 5 and + 5 mgfl/min was
obtamed by infusion The slope was ou the average - 0 1 mg/flfmun the mfusion
rate minus unnary excretion rate 370 mg/muin and the hepatic galactose ehm
mation capacity calculated from the smgle mjection experiments 422 mg/
mm Thus the true hepatc galactose ehmmation capacity 15 an the average
about 88 per cent of the value caleulated from a single myection expenment

In subjects with two or more infusion expermments (Table III) the hepatic
galactose ehmation capacity calculated by the series merement method
was found to be on the average 82 per cent of that obtained 1n the single myec
tion experiments 1 the same patients Sumlarly the volume of distrsbution was
found to be 81 per cent

This difference berween the results of the smgle mjection and the mfusion
experiments may be expressed by the factor fog = GErtanod/GE,, ge my 20d
S+ =V afooenlVsmg 1y, The zesults obtamed m Table III mdicate that for

approumately equals f;, and a common factor f, can be calculated in each
wnfusion expenment by

I —U=f(—8"mpe w; + CEongie my) (5)
The factor f calculated from all the infusion experiments of Tables 1T and TIT
(except those where I =0 i which the expenimental error will have too
great influence) and the ponding single p 15 on the
average 086 (SD 011 SE 0019) Thus the hepauc galactose elimination
€apaaty and the volume of distribution determined 1n the infusion expeniments
15 on the average 86 per cent of that calculated from the single mmjection expen
ments This value 3s not dy d from that ob d by the
ly constant conc method or by the senes increment

t sigmificantly different from 100 per cent (p << 0 001)

method by

Discussion

It 13 concersable that the difference between the ehmmation rates caleulated
from single injection and mfusion experiments may be related to uneven distn-
buton of galactose VWhen galactose 13 mjected mto an eviscerated anumal from
which no removal takes place galactose will leave the mtravascular compart
ment for about two hours (Levixe et al 1950} In the intact orgamsm galactose
Tnotes from mtra to extravascular compartments dunng and for a short penod
follomng an As the el by 1 transfor
mation i the Iner or by excrenon 1n the kidneys takes place from the blood

the amount stored 1 the extravascular compartment during the ymtial peniod
must re enter the bload stream
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Fig 1 A\ hvpothetieal single injection expeniment with the concentrat ons in d flerens comiisy

ments accord ng to the model conwd red 1o the appendix A Time concenration e
*Cross socuon of \ at 2 gnen ume during the test perid

TFig 1 shows a hypothetical distibution of galactese duning a single MeEh ™
expeniment when 1t 1s assumed that the ehmination rate and the volume
distribunion are constant In this model (sec appendix) uneven dumbuu(;':
sesults in parallel displacement of the anenal concentration curve rehine b
the cunve of the mean concentrations in the system  the honzontal distan
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¥ig 0 Ylasa galactose concentranon
turves Qunng () and following (8 2 con
ant mrrasenous gpfasion Tre lnes are
drann be reculnear tegrevsion from the
rmu siared atan approtumatelv stra ght
2 and extrapolated to the pount at the
tme ags where the infusion way stopped
{4 3 d ¢ gt The broken tmes represtmt
1he theageneal mean concentratons m the
olome of distrbution  They aze drawn
7a afiel 1o and th same harizontal distance
from the zespectne regression | nes and

st at the moment the infusion was
yopped

PLA MK GALACTDSE mli

s
o
X

T 3 Polaton of the dfference 5

Setween the rarapolated concentra % =

fans of ansinganda fulbmg plasma £ ° AN
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aaves Thusray indscates the bon 15 8

sonal distance between the srteriad & 3
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Lon gurves IMIARE 130 cal wg

l:x)l:l;d by rechlnea  xegresaon § 8

man
m H o0

& 0 ] 7 mg i
2

CHANGE ¢ SLOPE

between the ma cunves bemg wndependent of thew stope In mfustan expen
mente the results calendated from the artenal curve feg (3) and (4}) and the
wean curve wall be id 1 The extraf d ralues of the
anenal curve e, ., and ¢ o) wsed for the calenfauon m the angle uyee
ton expeniments (eq (1) and {2)) wall be smaller than those of the mean con
Centratton cunve Thus single njection and mfusion expeaments will gue dif
fesent figures for the hepatc galactose elmmnanon, capacity and ‘olume of
dstnbwion depending on the degree of displacement of the artenal cune
The d: placement of the artenal concentration curves m the orgamsm
2y be assessed by extrapolation of the arterral curtes m expeniments m whuch
the rate of snfusion 15 changed An expenment of this type 18 shown g 2
The displacernent 15 salewfated as the vouo of the Siference bevween the slopes
of the reculinear part of the curves or

b= leg—e 3| (gsgn
fsee appendix)
In 13 of the experunents shown 1 Table I the duplacement could be
calculased an this w3y Fig 3 deprets the relanan between the data entermg
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Asin Fig 2¢ 4cke p Att the amount present in the model 13 ¢ T, thus ¢ wa=
=¢mp Fromeq (6) (7) and (8) the mean concentration curves m period A and B
are descibed by
tma=g al{t—t —K)+cra o]

tmBp=gip{t—t —~K)+¢ B (1o
From eq (9) and (10) follows that
F={(cip—c g a—£ B [
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Factors Determuning
the Cirenlatory Adjustments to Diving
I Water immersion
By
Harawo T ANDERSEN:
Recerved 7 November 1962

Abstract

Axpersen H T Fastors determumng the crrculatory adjustments to dinng
I Water immersion Acta physiol scand 1963 58 173—185 — The
unportance of water per se for the arculatory
to drving has been studied 1 the domestic duck. The )Jcart rate has
been used as an index of the card lar changes ‘The
¢l reactions characterssuc of diving were elicited upon submersion 1
ducks wth free access to air through tracheal cannulas just as well
as m intact birds Likewise the ad
by emerging ducks after the nostrls were above the water surface
provided the rest of the beak was kept submerged Also when the
Jungs and airsacs were ventilated at the normal rate durmg
descent and the diving brad
chicited By studying the heart rate dunng slow submersions cf r.bz:
beak and the head 1t was found that the most marked cardiac slowing
fesulted from mmersion of the level of the nares whereas the con
spicuous post-dive sachycardiz was brought about dunng the first

y effort It 1s Iuded that the
1o diving are chicrted by the actual water rmmerston probably due to
stimulagon of peripheral receptors m the besk espenally m the
region of the nostnls The degree of distention of the lungs and the awr
sacs as well as varzations 10 the s cnous return may also be important
factors for the elicitation and abolition of the diving charactenstics

Present address Inst tute of Zoophys ology ZEB-Build ng Univers ty of Oslo Bl ndern
Norway
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Experimental water immersion 1s associated with a charactenistic series of
respiratory and cardio Viscular responses i dwing ammals  Apnoe s 1
duced immediately upon descent and persists throughout the peniod of submer
gence A consprcuous bradycardin develops and the flow and pressure relations
i the vascular system are greatly modified The circulanng blood 1 probably
channelled 1n such a way that the central nervous system and presumably the
heart recenve an adequate supply of oxygen wherens tissues not so easth
damaged by transient but severe asphyxiation are left without access to oxygen
As a result, the energy metabolism 1s depressed during 2 prolonged, quict sub-
mersion, and the homorothermic divers suffer a corresponding fall 1 body
temperature  All these reactions have been observed m a number of dning
species among the vephles birds and mammals (Bert 1870 Ricuer 189
Huxeoy 1913 a ¢ IrvivG et al 1935 IRving 1938 Scroranner 1910, Scro-
ravoer and Irving 1941 Irvmvo Scrioranper and Griwwern 1941 1947
GreeNELL IRVING 2nd SCHOLANDER 1942, ScHOLANDER, IRVING nd GRINSELL
19422 b Anoersen 195%9a, b 1961, Jouansew 1959 Jomuansen wnd hrot
1959, LLiastEN 1960, Murbauott ef af 1961, Murpavess and Jacksos 1962)

It seems reasonable to assume that the physiological adjustments to dinang
are chated ather by the asphy wation which progressively mcreases during 2
prolonged submersion or by the actual water immersion Alrcady Beav (1660},
believed that the apnoesc response to water immersion scen 1n dogs 1s 1 result
of the submergence per s¢ whereas BErT (1870) aseribed this reacuon t0
voluntary breath holding Huxtey (1913 a) showed that apnoea 15 nduced 10
decerebrated ducks upon submersion Just as well as 1n intact mdwidunls thus
provang that the cessation of breathing obsened does not depend upon higher
levels of the central nervous system

As for the circulatory Tesponses SCHOLANDER (1940) found m seals well
accustomed to the experimental procedure that the diving bradycardia was
elicited and maximaily deseloped momentanly upon descent I'LIAsSEN (1960)
claimed that the bradycardia 1s brought about very rapidhy also m certait
avian duvers under natural conditions An immediate and precipitous drop 38
the heart rate would certanly indicate that the cardio-vascular adjustments to
dwving like the apnoea are reflexly imiated 1n response to the submergenc®
However such clear cut changes i the airculatory functions 1re rarely secft
for exen when a definite decrease n the heart rate takes place in the beginung
of a dive the cardiac frequency may continue to slow gradually fora relatnelt
long period of ume before the final les ¢l of bradycardin is estabhshed Furthes

he majonty of the anmals studied less well tramed seals includ

more, in t
- ScI0LANDER

(IrvinG eral 1941) sucha gradual cardiac retardation 1s the rule { e
1910, ScitotaxDER and IRving 1941 Jorassey 1929 ANDERSEN 1961, LM
pavci and Jacason 1962} Now it has been shown that rebreathing ofI m,;«
well as lngh carbon dioxide content in the wnspired air causes mrdnlc s|8“] ;
1n seals and semi aquanc snakes (IRVING ef of 1935 Scuotanper 191



CIRCULATORY ADJUSTMENTS TO DIVING 172

TANsEN 1939) and apnoea in the duck {Orr and WaTsox 1913) In addiwon
SecroLsxper (1940) found that when seals are given pure nitrogen to breathe
bradycardia and irregular respiration or complete apnoea results Lakewise
the normal post diving tachycardia 1s rapidly replaced by bradwvcardm and
apnoea 1if seals are subjected to a mitrogen atmosphere 1n the recovery pentod
Obviously the possibility remamns that the cardio-vascular adjustments to
under water exposure¢ may be determmed by the asphywa ncurred or by
one of 1ts two components hyposia or hypercapma respectively

The purpose of the present mvestigation, reported 1n thus and a subsequent
paper has beeo to separate the effects of asphy<ia and water immersion per s¢
as far as possible 1n order to evaluate the relative importance of these two
factors for the circulatory responses to civing The heart rate has been used as
an mdex for the appearance and deselopment of the cardio-yascular changes
In this paper the ngmficance of the actual water immersion 15 dealt with

Material and Methods
Ammals and anmal eare

Thartv-sux domestic ducks of both sexes 1—-2 years old served as subjects m the
present investigation Therr bodv weights ranged from 2.5 10 3 8 bg when they first
armved at the institute They were fed boiled potatoes bread, gram and varous vita
munized provenders ad hb and had unlimted access to runmng water As a rule the
ammals guned weight during their stay at the Iaboratory none of them loosing werght
‘Thus the subjects presumably remaied in good cond h h e exper
tal pentod.

Arrangement of the di w, expenments

Duning the experments the ducks were fastened to 2 board as illustrated 1o an carher

pubcation (ANDERSEN 1909 a) and the fact that all the diving charactersucs are cherted
when only the head of the

anumal s 1mmersed mto water {Axpexsex 19292, b 1901)
was made use of also 1 the present investigation Conditions of drving were therefore
sinulated esther by gently tlung the board to a shght angle mto a water pool or by
placing a ma.k subsequently to be filled with water over the beak and the head of the
duck. The mask was made from a plea glas ¢y buder which was closed 10 one end and
fitted with a rubber sleeve 1 the other The rubber sleeve conld be pulled back over the
bead of the duck 1n order to Pprovide a water tight seal around the neck and the cylin
der could be filled with water through large pipes near the closed end In pertods of
Test or reconvery the duck could breathe air through these pspes

In a serics of expenments the lungs and aur sacs of the ducks were tentilated arn
fictally For thas purpose tracheal cannulas were inserted under local anesthezia provided
by anfiltration with a 2 o solution of xylocan.

The temperature of the water utto which the head of the animal was submerged
a3 vanied between 15 and 30 C 1n order to learn  hether this would alter the respon
#s fo drving In no expenment however was the temperature of the water found to
mifuence the physiological adjustments o dwang
Heart rate s undicator of curculatory changes

The varous phvsiological adjustruents 1o diving are always elicired 1n response to
water smmersion of the head Furthermore the changes with time of the indiadual
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Fizr 1 Gradual development of dhing bradycardia i duck Head subm rged at arrow
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Fig 2 LCG tracings ( lead 111 ) from duck

A DBefore submersion
B Head submerged 1 mun
C Head submerged 9 min
D Immediately after emergence

I

parameters differ very bttle Therefore these functional modifications are newhrr
separately induced nor independemly developed

Considening the cardio-vascular reactions 1 particular jt appears obvious that e
conspicuous diving bradyeardia can not be an isolated creulatorv modification but
must be associated with equally marked changes 3n the flow and pressure relations
the cardio-vascular system Certamn changes of this sort like for instance mark!
peripheral vasoconstriction and decreased or suspended arculation through l\m;1
muscles kidneys and viscera have been observed in all animal species studied ulu('
exibit a diving bradycardia (Scnopasper 1940 Irvine of of 190 an«nnnal
1942 Jomasses and Kroo 1959 Ewasses 1960 Asprrses 1961 Mumoatent ul'
1961) “Since the numate relationship between the vanous cardio-vascular 3d)3
ments to diving thus has been demonsirated in a large matenial mcluding repres™
tatives for mammahan avian and reptiian divers 1t was deaded to we the heart
rate which may be eauly recorded with a mmimum of discomfort ta theanimal z:-:
index for the elicitation mantenance and abolition of the entire complex of &
vascular responses to submergence For this purpose needle electrodes km'"‘"‘m
subcutancously into the thighs and at the base of the wings r‘k“m”dm?mr
(£ CG) were recorded using an Elema Schanander Mingograf Model 42 Lfﬂ\l'
heart rate 13 the factor of primary interest in the present investigation mly;& e
of the LCG 13 shown 1n the sllustrations 1n this paper In order to record rhcmm‘m
the respiratory rate simuliancously Qneo(l}!(‘th:mne]:oﬂhe\hnﬂ"ﬂnfh:ld\a o
connected 10 a condenser manometer which was coupled to an air filled tul

around the chest of the ammal
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Results
Normal responses

The heart rate was always found to slow down gradually dunng the utial
stage 0 a dive (Fig I) A constant low cardiac frequency was usually estab
lished 1n about 1 mm of submergence at a level of 5—15

9 0 the pre arving
heart rate and upon

a d tach dia was ehated (Fig 2)
The individual differences obseried in the rate of cardsac slowing and

g
the final level of the diving bradycardia were relatnely small A Iower heart
Tate than 10 beats/min was verv rare and the upper limut for the post-diving
tachycardia appeared to be 450 beats/min The pre dicing heart rate was

usually restored in 1520 mmm Fig 3 A shows a typical example of the changes
1n cardsac rhythm d with the end:

mm and 1o the subsequent pertod of recovery

of diving d. for 10

“The heart rate prior 10 diving was found to vary mn the differenm mdwidnals
between 180-—240

Tt 1 a bl

therefore to deterrune
to what extent the watal heart rate \\ould nfluence the rate of denvelopment

and the final level of the diving bradycardia This was done by subjecting some
of the ducks 10 two successve submerstons In this way the heart rate prior to
the second water immersion would be almost twice the resting An example of
the results obtamed 1s furnished 1n Fig 3B The heart rate before the first dive
%as 210 beatsfmin which decreased to 30 beats/min dunng the submergence
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whach totalled 6 minAfter an incomplete recosery persod lasting for only 2 mun
the head of the duck was submerged for 2 second time the heart rate at ths
pont bemng 360 beats/min Duning thus second dive the heart rate slowed down
to the same level as that observed 1n the first but the deselopment of this lad
of bradycardia took twice as long

Postural aproea and brodycardia

When a duckis placed on 1ts back with the neck extended a 5o called postural
apnoea accompamed by cardiac slowing, may be induced This phenomenon
has been explained to be due to vesubular funchons (Huxeey 1913b ¢

The ducks used in the present imvestigation were fastened ventral side down
to a board but with the neck and head extended and tilted to an angle with
the honzontal plane in order to immerse the head into the water pool There
fore 1t was felt necessary to make certain that the bradycardia obsenved dunng
submergence was enurely due to the under water exposure This pont was
experimentally checked as follows The head of the anumal was tilted down
wmto the empty tub sn arder (0 remain m the position of the actual diving ex
peniments for several nun and subsequently returned to the resting posiion
for a period of recovery Duning the latter the tub was filled with water and
the control expeniment performed The results obtained n one of these expent
ments are shown 1n Fig 3 C As1s seen from the graph  the tilting of the anmal
did not induce any significant change 1n the heart ratc whereas i the control
experiment performed 6 mun later 1n which the head of the duck was actually
submerged the normal response to diving was displayed

Penpheral stimulation dut to submesgence

' The mmportance of penpheral sumulation due to water 1mmersion of e
head have been revealed an three dafferent types of experiments A representd
t1ve sample of the data obtamned isshownin Fig 4 A Band C

The expeniment illustrated in Fig 4 A was carmied out on a duck fitted

with a tracheal cannuta The cannula was almost as wide as the trachea 1l
and 1ts Jength had been adjusted so as to keep the respiratory dead space ve7
close to normal The amimal had been breathing through the tracheal canruls
for about an hour when the experiment was performed The heart rat¢ was
190 beats mun prior to submergence As soon as the head of the duck bees™
immersed 110 water apnoca was brought about and the diving bradveard 3
developed 1n the normal manner although the animal could have conunued 7
breathe through 1ts trachcal cannula which extended out of water After 4 T:‘;’;
of submersion the bird was hifted out of the water pool and extubited the ul'd
post-diving tachycardia Exght min later the same experniment was ptrfm"dt
but the tracheal cannula was clamped 1n the moment of descent Agamn -
typeal response 10 diving was obsened followed by an equally syprcal recor

upon cmergence
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In the experiment illustrated 1 Fig 4 B the head of the duck was intro-
ducednto plashic eylinder which was filled with water A normal development
of the diving charactenstics was induced as seen from the graph After having
endured thys sort of diving conditions for 5 min the cvlinder was drained
untll the nostrils were free above the water surface while the lower parts of the
beak were sull submerged Also some water may have been present 1 the
nasal cavity 1In this situation no respiratory effort was attempted by the ammal
Duning the next 60 sec full diving condinons were mamtamed by the bird 1
spite of 1t having free access to the surrounding atmosphere Upon rapid and
complete dramage of the cyhnder at this pornt the forceful expiratory blow and
subsequent deep snhalation typical of the first respiratory cycle after submer
gence was performed and abrupt tachycardia was eliated Two mun later
when the cardiac frequency snll was 360 b thee
As before the diing brad:

beatsfmin When the ¢yl
TSt eXperiment a coy,

p wasepeated
Y developed dually to a level of about 30
nder was partly druned to the same level as in the
ple of feeble and half hearted respiratory cycles were
performed dunng the follow mg30sec but nothing like the forceful respiraton
which normally intuates the recovery period was obsenned The heart rate
mereased to 110 beats/mun 1 response to this weak resprratory effart or to less
than one third of the heart rate prior to the submersion When the cvhinder was
campletely empued card 1 to 440 beats/ took place in 15 see
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Fig o Receptn fieldsofbrak cass-

300 - Rest Recove
z § [ . g dung bradycardia when i2v
5 we pf mersed into water
= expll 4 Deak rostral to narea submerged
w200 B Nstrils and caudal partofbrak
" submerged
g C Whol 1ead under water
@ D Ejyer but no part of the brak
Lo above water
- Flest breeth  Duning the mual part of the Re
= covi the rosnls were aime

water  but resprration wat ot
; started ymm diately Arromsind cate
first Lreath

2 3
TIME N MIN
Head submerged

A further step along this ine of experimentation was taken 1n the expenments
represented by Fig 4 € A duck was fitted with a tracheal eannula and 1he
latter & d 10 an apy for aruficial 1 The resp: Y pump
was set to delner a udal volume of 3033 ml (Socis 1896 Vios 1934 ScHarszs
1938 quoted by Stirwig 1954} and the respiratory rate was adjusted as close
as possible to that of the subject The respiratory pump was switched on i the
resung peniod so that the arufical ventilation was synchronized with the
resprratory cycles of the duck. The starting of the pump had a certain but
relatively small effect on the heart rate which showed a tranuent increase
followed by a slowing down 1o 150 beats/min or to roughly 8 95 of the provious
rate The cardiac thythm remained constant at this new rate for i msn before
the head of the duck was submerged In spite of continued ventilauon of e
Tungs and air-sacs at the pre-diving rate and tidalvolume the heart rate stowed
down rapidly in the usual response to dinang conditions The bradycardus
did howerer not slow down to quite the same low level as that seen tn most
control experuments but remained constant at a frequency of 60 beats min £
4 mun When artificial venulauon was discontinued at this point a further
slowing down in the heart rate was obscved and a ding bradycardia of
around 30—3 beats mun was established After 435 mun the respiratery P07
was started agamn Thus caused a raprd but transient cardso-acceleration tolA
beats/min swhich was subsequently followed by 2 slowing 1n the heart rate
until the Jesel of bradycardia observed dunng the first part of the dne had
become re-established \when surfacin, was alloned § min later, the ammal
was disconnected from the respiratory apparatus and & normal secnen

ensued

Receptr ¢ feld for storulation by uaer urmersion y
Tt wes assumed that by gradually and shwly submerging the head ll-“u:.,

at the tsp of the beak and proceeding caudally one might be able to dﬂf:“ f

the exact Ievel of water immeryon neces.ary fo indure the physm!’rgxmld i
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In order to illustrate the simultancous changes i heart rate and Tespiraton
rate and rmphitude the recordings obtamned 1n an expeniment are presented
m Fi7 6 The immersion of the head nto water was carned out very slowl as
described for the preceding experiments The upper tracing 13 the respisation
(inspiration upwards), the lower a monopolar ECG

Fre, 6 A shows the resting cardiac and respiratory rates to be 235 and 28
cyclesfmun, respectively Already when the very tip of the beak was dipped mio
water, both of these parameters became modified (Fig 6 B) The udal volume
became smaller and more vamable and the respiratory rate decreased to 18
cyclesimun The heart rate slowed down to 198 beatsfmun When the water
reached the yostral border of the nares the respiration had become stll more
stow and shallow, and the heart rate had decreased to 156 beatsfmm (Iig 6C
left) Shortly after the nares were submerged the diving bradycirdia was
marhed (F1g 6 G at arrow), and the heart rate decreased further when the
whole head was submerged (Iig 6 D) The head remained fully ymmersed 1
water for 30 sec, when 1t was slowly pulled out again When the lesel of the
eyes emerged  the heart rate increased shightly (Fig 6 E at arrow ), wnd quit
marhedly when the nostrils were hfted above water (Fig 6 T' lefty Howerer
only when the first, vigorous respiratorv cycle was performed did the copspt
cuous post diving cardio acceleration take place (g 6 T at arrow) Thefirt
respiratory cycle usually consists of a forceful exhalation which apparently
serves to blow the remawmng water aw vy from the respiratory onfices and the
glotus Then follows a deep 1nd fast inspiration, and 2 respiratory pausc 1 the
inspiratory posiion The latter may last for several sec, 1 the expenment
shown i Fig 6 Tat fasted 3 5 sec before a new foreeful expiration took place

#During such respiratory pauses the heart rate was always found to slow dow?
but 1t accelerated again when the respiration continued After only 3 few
vigorous respiratory cycles the respiratory amphtude and rate returns ©
normal when the dive asin Fig 6 s relatinvely short

Discussion

1913 4, ¢} proved that the apnoeic response to submersion ¥

e e duck

reflexiy anitiated by demonstratng, that 1t takes place v the decerebrt
aswell 1s 1n the mtact bird upon water immersion 14 hereas apnoca of course B8
1nduced immediately upon destent, the orculitory adjustments 0 submergent?
develop gradually duting the inmal part of a dnve (g 1) Therefere ort
may question whether the cardio-vascular modifications duning dmmf :ﬂ‘f
produced by the water immersion per ¢ or whether they are cused by 157 ‘)?e
ation The results reported 1n this paper gne certain ndications 3% l;:‘ ‘r‘
smportance of the actual sul e for the prod of the arculatt
ties of din,

ch;‘\;::("czsh : been s)m%m that an intact duck with free access to nr l‘hm\:“x:
el cannufa exinbuts the apnoea and dwing bradseardit an repon

trach
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wmmersion of the head wto water (Fig 4 A) Dext, st was found that whea the
water Jevel was Jomered 50 that the nostnfs emerged after the duck had endured
dwing condytions for 5 mmn the ammai would refuse or male onfy very feeble
atternpts to breathe provided the Joner paris of the beak were stil under
water {Fig 4B) Finally 1t has been demonsirated that even when the pormat
sentiation of the lungs and air sacs 55 masntaned unmterupted dunng descent
and submergence by aruficral means the dwving bradycardia 15 nevertheless
induced {Fig 4 C) These expentments strongly suggest that there are certamn

recepiors i the regron of the beah which ave acthated by submergence and
that the nersous

from these penipheral receptors praduces
of breattung and marked 1 the creulatory ft The latter
changes may be induced ditectly or a5 a vesult of the apnoeic response Further
more the receptine field lated by water appears to be the

whote beak and possibly alse the restral past of the head the region of the eyes
meluded However the most important zone by far for the chatation of the
physotopeal afustments 1o dming scems to be the eandal part of the beah
measured from the rostral border of the nares (Fig 5) Thas finding 1 supported
by the cheenvation of Murpavon and Jacsson (1962) that water snakes m
Whuch the nares were closed up did not display the adjustments to drving upon
shmergence  ScHoLANDER ef af {1562} express the opimion that the diving
bradyeardsa s net a response to wethng of the nostrils They base thesr opimon
upon the vecurrence of bradycardia 1o the seal and the aligator mnduced by
SxObg authtory stunult or by frightemung the ammals m other ways {Scro-
LADER 1940 Annersey 1951) Transient bradycardsa as however tnduced by
2 \anety of sumul ternsfying ones among others But 1o the case of dnang
wetlng of certamn receptors an the regon of the respuratory onfices 13 almast
csstamnly the adequate strnulus for eliaiung the arculatory chavges charace
texstic of diving

The water immersion although smpertant does not appear @ be the only
Dactor d:\crmmmg the cardiotaseular reactions for when astificat ventse

ton was g d durmg sub the heart rate slowed down
further Fig 4 C) Likewsse upon re starung ofthe respiraton puwmyp the cardisc
thythm was adpusted to the rate obsersed dunng the watial parst of the dine

¢ 135 therefore  reason. to beheve that awphy<iauen or the absence of

thythme stretching of the Jungs and air sacs may further accentuate the creeala-
tory adyustrments

The sthatonship between heart rate and sesprrason deseres some further
comments Irving et ol (194 found that cardio acceleration may take place
i the geal upon ernersion before the onset of respiration Jomassen {1933)

onmer workmg on st aquatc snake never obsenved the post-dwing
fachy cardia to precede the fivt mopirahon The resalts of the present i estiga
on serm to bdge tus apparent differenve of opmion Tor at has been shown
that cxrdio-neceleration mdeed 1akes place dunng emersion before the respiras
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tion 15 resumed, whereas the conspicuous increase 1 heart rate which i nsually
secn at the begmning of the recovery peniod, occurs only with the first respira
tory cffort (Tig 6 L, F} The comparatively modest increase m heart rite dunng
the slow emergence of the head and the beak may be duc to the gradual decrease
mn the nervous influence from penpheral receptors The precipitous tachy cardia
displayed at the onsct of the respiration on the other hand, 15 probably caused
not only by the abolition of such nervous activity, but may also result from the
respiratory effort itself The changes i the asphywe condition ppear less
wmportant m this connection since the cardiac response takes place so rapidly
that the asphyxia can hardly have been relieved

The cffect of the respiratory activity on the heart rate may be thought
accomplished 1n two ways First, 1t 13 known that an increased s enous retum
may cause a marked cardio acceleration especially when the heart rate s slow,
ather by stimulation of vagal afferents (Barvsrioe reflex) or by a direct
action on the pacemaker cells of the heart Josiansen, hroc wnd Retre 1962}
Second, the impulse traffic m vagal affcrents resulting from the distention of
the lungs and air sacs (Herine BreurR reflex) may influence the heart rate
“Thus 15, for instance known 1o be one of the causes of sinus arrythmua, a pheno-
menon which 1 T 1 bited by the duck during the first
respiratory cycle (Fig 6 F) Here it 13 of mterest to relate the obscrvation by
ScroLANDER (1940) that seals always dive on expitation and I Liassens finding
{1960) that avian divers which did not expel air upon submergence tended to
developed the diving bradycardia very slowly The exhaling of air just pro?
to or upon submersion has been thought of as a protection agamst aision
disease or an adjustment of the buoyancy m deep diving However, a thiediater
pretation of this ph may be , namely, that it also scrves {0
facilitate the onset of the diing bradycardia and the other circulatory change!
seen dunng water immersion

From the data presented 1n this paper 1t 1s concluded that the cardio-vasculaf
adjustments to diving are induced by the submersion per se duc to the stumalanont
of penpheral receptors located on the beak espeenlly in and around the hlf:
The clicatation and aboliuon of the diving bradycardia may also be mﬂ“m‘{_c
by the degree of distention of the lungs and air sacs and by changes L
venous return he drng

Asphyxa when added to water immersion appears to accentuate ¢ w3
bridycardia and the effect of asphyxie condiions will be deaft wid

subsequent paper
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Fig 2 ECG-trarngs recorded brfore duning and after 4 mun of tracheal ocelu o

A Rest {Ieft) Trachea occluded at atrow
B Trachea occluded 1 min
C Trachea occluded 4 mn (left) tracheal clamp released at arrow
D Thirty sec afier relcase of tracheal clamp
E One min aficr refease of tracheal clamp
F Five min after release of tract eal tlamp
Srven min afier releas of wact eal clamp

Material and Methods

The present investigation was carned out simultaneously with a study of the $62
ficance of water per se for the el of the diving (wvorx
sE\ 1963) Therefore the same ducks were used and the methods employed were :!J;:
1dentical except 1n the experiments in which the lungs and the air sacs were artific:
venulated duning diving These differences are deseribed below e

The Jungs and the atr-sacs were venulated arufically with are dunng mbmfrz:du

1 order to relmve the asphyxia and determine whether or not the diving brads¢: -
could be aboluhed or modified by such a proccdure Aruficial sentsfauon m:da»:
performed using mtrogen 3o that the effects obtained with air could be mmr"“"m
those produced by a respiratory inert gas Loth duning sentilation with atr and v
carbon dimude 15 washed out of the argamsm  but whereas the content of o¥% @
10 be sestored to normal when ar 15 used 1t will d ereasc gradually when mrrt:t:"‘u‘
cmployed Therefore in order 10 s1udy 1be separate effects of hypons and by, Tﬂ}:‘d
the lungs and air-sacs have to be ventifated with proper gas mixtures 3 u:ﬂ'm o
stage of the dine when the asphyzia has become significant and the to;"u s hC
of the gas compornents 1n the respiratory organs are oot rapidly changing enned 4
complihed by making use of the anal

ytical data oh the rapiratory gass &

5 the
previous studies (ANDERSEY 19,9 2, by by means of which the gas composton
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lungs of the duck could be reasonably well predicted at any tine during submergence
{Fig 1) Tor the purpose of the present 1nvestigation 1t was decrded to start artificial
ventilation of the lungs and air sacs after 5 mun of diving using two gas mxtures one
contaming 20 4 O, 7 4 CO,and73° N, the other contammg 7 % Oy, 93 % Nyand
10 CO, In this way 1t was attempted to rebieve the hypoxia or the hypercapma selec

tively Three different volumes of tidal gas were used m all of the expennments 25—30 m!

which 15 somewhat less than the normal tidal volume of an adult duck 1n the standmg
postion 50 ml and 100 mlL The latter tidal volume although seemungly Iarge 1s not
more than about a5 % of the total capacity of the lungs and air sacs (Svos 1896 Vos
1934 Scmarnxe 1938 quoted by Storxm 195%)

However artificial ventilation of the respiratory organs durng diving dors not only
modify the asphy<e condstion but it also causes rhythmie stretching of the lungs and
air sacs Stnce this factor may be of importance for the abobition of the dnang characte
nistics {ANDERseN 1963) 1t was dearded to 1nvestigate the effect of the streschung per se
This was done by carrying out aruficsal ventilation of the lungs and air sacs after
4—35 mun of diving using a gas muxture cottaing 7 9, O, 7 % CO, and 86 % N,
Hercby the compositron of the gas m the respiratory organs was presumably not altered

bly and enly the 1 fung of the Jungs and air sacs was vaned

the tidal volume as described above

‘The heart rate before durng and after water ymmersion was recorded m all of the

ammals used In this way the normal responses to submergence of each mdmdual

were available for comparnson with those obtamed when the lungs were artificially
entilated dunng diving

‘The effects of asphyxa alone was studied by occluding the tracheal cannula for a
certun period of time

by changumg

Results
Effects of asphyvia

The effects of asphyxation alone on the heart rate and the respiration are
shownin Figs 2 3 4and 5 (first part) Although these illustrations may appeat
faurly sumilar 10 those representing diving conditions (ANDERSES 1963) several
important differences are present For mstance durnng asphywation the heart
rate would remain almost unchanged for up to 45 sce before a bradycardia wa
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Fig 4 Comparison of respiratory ac
twity and heart rate at rest during
tracheal occlusion and submergence of
head Note Complete apnora dunng
diving as opposed to shythme respira
tory ciforts at resting rate during tracheal
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s ™o s and tespiration (bottom)  Inspiration
upwards

3

anduced (Figs 2 3and 5) and the latter was never quite as pronounced as that
, observed duning dwing (Fig 3) Upon release of the tracheal occlusion matked
cardio acceleratson would sometimes oceur (Fag 2 C) However after a few
sec the heart rate i arably d daguntoa p 1y slow frequency
from which = gradual recovery took place (Tig 2 C—G) Frequently, no
abrupt cardio acceleration was een at all upon unclmping of the trachea,
but anly the slaw and geadual one (I1g, 3} The most strhng difference roted
dunng asphyxsation 2s compared with diving was however the respiraion
behastour of the ammal For whereas ymmersion of the hed mto water
cau es complete apnoea which lasts throughout the diving period the thythme
respiratory effort of the animaf never ceased dunng tracheal occlusion This st

Wustrated 10 Fig 4

Summation of asplyxia and submergence

In a previous paper (ANDFRSEN 1963) 1t ws reported that the divng brady
cardia was mduced upon submersion of ducks whose lungs 1nd 1 5368 were
\entilated at the norml rate dunng the expenment but that a further de-
erease 1n heart rte took place il the respiratary pump wis switched nﬂ't}"l’:
the under water exposure In the present study thas result was check
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nished inFig 5 The tracheal cannula of a duck was occluded for 4 mn andan
asphywa bradycardia of around 50 beatsfmun was establshed Then the bied
was submerged The cardiac response was an addrtional stowing i frequency

to Jess than 20 beats/mun clearly showing a summation of the effects ot asphyxa
and submergence on the heart rate also 1n this case

Ventilation of lun,s and air sacs duning diing

1 Tentlatwon wtth ar In a series of seven exp the asphyua d
during dving was reheved by ventlatng the lungs and arr sacs artfically
with air The resulting effect on the heart rate 1s presented i Fig 6 The respr~

ratory pump was set to perform 28 cyclesfmn which was the resp y rate

&
s

N BEATS/MIN
W
8
a8

n
8

HEART RATE I
s

= i )
] B 19 5 6 5
TIMEIN MM _
Head subm rged T Aty ntwtha

Fig 6 Artificial ventlat on of lungs and air-sacs with a r duting ding.
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of the duck at rest The volume of air delivered per ¢ycle was varied 18 desenibed
below The pre diving heart rate was about 190 beats/min but after 1 mun of
submergence 1t had decreased to about 15 beats/man For the next 2 mua of
submersion this latter rate was mantamed with only slight changes Lxactly
3 mun afier the head had been immersed, artificial ventilation was started with
” a tdal volume of arr of 50 ml Cardio 1ecel | dately, and
{ mun the heart rate mcreased to 155 beatsfmn whereupon 1t decreased durn”
the next min to 130 beats/min at which rateat levelled off Upon discontinuinon
of the artificial ventilation the heart rate slowed down rapdly to the same low
diving level as before Diving conditions prevailed for another 90 sec before
the artificial ventilation was repeated The rate of the pump was the same
but the tdal volume admumstered was only 25 ml Cardio acceleration (¢
100 beats/mun resulted and as long as the ruficial ventilation was maintamed,
the heart rate did not change appreciably When the pump was SO,
howerer the normal diving bradycardia reappeared  One mun later artificil
respiration was started for the third tme now with a tdal volume of 100wl
the rate being 28 cyclesimin as before Thus degree of sentilanon of the lun=t
and air sacs caused the duck to start breathing and brought about 2 marked
tachycardia of 380 beats/min which closely resembled the cardiac response
normally observed upon emergence The expenment was repeated after &
new itermediate peniod of diving but with the difference that the three tla!
volumes used were admimstered 1n succestion starting with 25 ml and pasnt
durectly on ta 50 mi and finally to 100 m! The number of cycles wrfﬂm‘“l;’;’
the respiratory apparatus was sull 28 cycles/min The previous refiton bﬂ" -
heart rate and ndal volume was confirmed and upon 1 of the I

3
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Fig 8 A uficial ventilation of lungs and as sacs with 7 ° O 10 rutrogen during dr g

and air sacs with 100 ml per stroke the apnoea was agam abolshed Asa con~
trol the pump was stopped once more 1n order for the diving bradycarda to
return, before surfe wasp d Upon a p tachy-
cardia was ehated reaching 400 beatsfmin 1n only 15 sec. Whereas it was
observed in this experiment and mn several others that tidal volumes of arr of
around 100 m! usually caused a diving duck to resume breathing arthcial ven
tilation with about 50 ml of air per stroke of the pump would rarely mduce
breathing 1n submerged ducks and a tidal volume of 25 m] of air per  breath
was never found to produce such an effect

II Tentilation wsth mtrogen The experiments described in the previous section
were also carried out using rutrogen in three cases instead of arr Typical results
are shown i Fig 7 From a pre-diving rate of 220 beatsfmun the cardiac frequen
€y sloned down to 25 beats/min when the ammal had endured water tmmersion
for 2 mun Ventilation of the lungs with 50 ml of mtrogen per “breath ara
Tate of 28 cyclesfmun caused a card: 1 to 120 i For one
half mn artfical ventilavon with mutrogen was contnued duning which nme
the heart rate remamned fairly steady at the same level In order not to depmse
the bird completely of oxygen air was then gren for the next 30 sec at the
Tate speaified abose for natrogen This produced a retardation 1n the cardiac
rhythm o 88 beats/min When the pump was stopped the heart rate decreased
10 12 beatsymin The respirator was next adjusted to gne 100 ml of nitrogen
per cycle and started agamn Cardio-accelerauon to 160 beats/mn followed
rapudly wath a subsequent fall to about 140 beats/min shortly afterwards At
thus pount ap intermediate recovery, was allowed in order not to loose the antmal
A post-dne tachycardia of 280 beatsjmn was observed and after 15 mun the
Tesunmy, heart rate was restored The head of the duck was then submerged
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agam, and a diving bradycardia of 20 beats/min was developed an 45 <
Artificial ventilation of the lungs and air sacs with 25 ml of mutrogen was ad
munistered, which brought about an ncrease m the heart rate to about 50
beatsfmun, the post diving tachycardia culminated at 360 beatsjmin

Submerged ducks were never scen to start breathing during artfial sen
tilation of the lungs and air sacs with nmitrogen

HI Ventilaton with 7 % Oy and 93 % N, After about 5 mun of submergence
the lungs of a duck contawn, on the average, roughly 7 vol %, CO, and 7ol %
O,, the remainng, 86 vol % bemng N, and other respiratory mert gases (Fig 1)
In order to relieve the hypercapnia at this point while mamtainmng the hyposia
six expersments were carnied out 1n which the lungs and the wr sacs of the
dwing birds were artificially ventilated with a gas mixture contaming 7 % 0,
and 93 % N, The number of cyeles per min performed by the respiratory pump
was adjusted to the resting respiratory rate of the duck, and the yolumes of gas
delivered per stroke were vaned as desenibed below The results obtained m
one of the expeniments are shown in Iig 8 The pre dive, resung heart rate
varied between 216 and 204 beats/mun Water immerston of the head caused
cardiac slowing to 50 beats/rmn m 90 sec Exactly 3 5 mun afier the head hnd
been submerged artificial ventilation was started with a tidal volume of 50 ml
The duck started breathing and a conspicuous cardio-acceleratton folloned
which reached 240 beats/min 1n 30 sec The heart rate remarned at this level
with only shght vananons unul the respiratory apparatus was switched off
after ] mun By this stoppage of the pump the bird responded with the usual
dining bradycardia Ninety sec later artificral ventilation was carried out with
2 udal volume of 25 ml whercupon the heart rate mereased to a peak value
of 150 beatsfmin The acceleration phase was however, prolonged to 1 mun
and the cardiac frequency was not mamntained at the high rate for any peniod
of ime  but dropped subsequently to roughly 125 beatsjrun When the pup
was stopped the heart rate fclf onlv very slowh  and the previows lact o
drang bradycardia was not reached As a matter of fact afier a graduslslow
ing to 66 beats/mun the heart rate siarted to mersasc agam Upon arufcs!
ventlation wath 100 ml of g1s per wroke of the pump the cardac frequen®
abruptly increased from 100 beats/min 10 325 beatsjmun [his large InErease
tn the heart rate was not only due to the ventilation per se, but also ta the it
that the bird started breathing as described before Tt soon gaye up the respis
tory efforts hov crer and the heart rate dropped rapidly down to 140 beats /%
only to 1ncrea.c apain when the sentifauon conunued and the bird agan ”‘m
to breathe Throu,hout this expenment and all others in which this Pﬂ":‘"‘k
gay muxture was used  the duck appeared very uncomfustable :\hhf\"l“ .
offect on the hrart rate was conspicuous In many casey the heart r‘"i (st
Drought to a faster frequency when yventfated suth this gas thin “'l‘:;:‘ 1
Fig 11) The symptoms extubated by the bird were intermuttent nmlr{'l A
breathe violent struggling efforts the LCG showed sotnctimes o
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rhythma and very frequently the heart rate did rot slow down as wsually
upon discontinuation of the artificial ventilation (Fig 8 third diving peniod)
Excessive ventilation of the lungs and air-sacs of the diving duch with this gas

muxture d to be d

PP
IV Vertilation wnth 20 S, 0,7 % CO,end 735 & In this senes of six expent
ments the hypowa mcurred in 2bout 9 min of submergence was relies ed, whereas
the hypercapnia was mamtained The results of an experiment are shown in
Fiz 9 The pre<ining heart rate fluctuated between 250 and 290 beats{min
probably due to handling of the ammal m this penod DPrving conditions
resulted 1 a level of diving bradycardia of 40 beats/mm When artificial
ventilaton was adminntered with 2 tidal volume of 50 ml after 4 5 mun of sub~
mergence the heart rate mmmediately mcreased to around 130 beats{run
The lungs and air sacs were venulated artificially for 90 sec Upon switching
off the pump the diving bradscardia reappeared and was even a htile more
pronounced than before After another 2 mm of dring the respirator was again
started delnenng 25> ml of gas per stroke This fime the cardio-accelerauon
was less marked the heart rate reachimg a maximal value of 70 beats mun after
Lmin which was however not mamtamed throughout the entire persod of
artfical venulaton. The heart rate slowed down to the usual drang lesel
when the artifiaal sennlaton was discontmued Fmally 3 mn later the lungs
and air sacs were ventilated with 100 mi of gas per stroke Initally thus caused
the heart rate to ncrease to 230 beatsyrun but a drop wm the heart rate to 200
beats'mn followed shortly afterwards The latter heart rate was mamsamed
as long as the arnfinal venulauon continued “\ormal diving bradveardia
resulted when the pump was stopped Before emergence was allowed vent
1 with the udal volume of 25 m! was repeated confirmmg the result firsss

ned Surfacing brought about the conspicuous tachycardia usually
d upon ascent !
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Artifical ventilation with this gas mixture gave relatnely small effects
n terms of cardio acceleration but the diving duck appeared Jess uncom
fortable when 1t was used than with any other gas or gas mixture tested 2
judged by the quietness exhibited dunng diving and the general appearance
afterwards
The submerged duck was never secn to resume spontancous \entifation i
to artficial ventilaton of the lungs 1nd air sacs with thas gas
W Tentilation wath 7 % CO,, 7 % Oy and 86 °, Ay Artificial venulauon of
fic langs and atr sacs with air rutrogen or the gas muxtures described above
foes not only alter the composiion of gas in the respiratory organs dunng @
ive 1t also causes rhythmic stretching of these organs Because the actvity
»f pulmonary stretch receptors are known to influence the heart rate (Hennss
md Ntz 1908) 1t was decided to study the effect of the mechanteal stretchung
sf the respiratory organs per se by ventilating the lungs and air sacs alter 43
nun of submergence with a gas mixture contmmng 7 % €O, 7 % 01 ard
36 ¢, N; The results from onc of these expenments are shown 1n Tig 10
The resting heart rate vaned between 210 and 278 beats/min Waler m;f
nersion of the head caused a bradycardia of 25—30 beatsfrmun After 4 mn /
fimng Artfical ventilation was administered with a ndal volume of 100 “:l
The heart responded with 2n increase in frequency to roughly 40 bdb:!“‘o
Upon discontinuation of the artificial ventlation the beart rate dca't;’mn
bout 20 beatsfmin When the respreator was started agun delvenng 5 rator
gas per stroke the cardiac rhythm ncreased to 30 beats/min 'Iz'};tbl:grn‘m
was stopped after 1 mun and the heart rate sloned down lod / o’“’tm
Ninety sec later the lungs and air sacs were ventlated with a uda :ﬂ" "
25 ml Thu did not producc any significant cardio-aceeleraton
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tachycardia upon emergence was very marked reachins a peah value of 470
beatsjmen § duced 1 a submerged dack

resp ‘was neser p
during astificial ventilation wath this gas mixture

W Summary The tesults obtaned m the experzments mn which the respt
Tatory organs of the birds were ventlated arnficially durmg diving are sum
med up i Fig 11

X appears that ventilation with air and the gas mixture contamnmg 7 % Oy
10 utrogen produced the largest effects m terms of cardio atceleration espe
cally when tidal yolumes of 20 and 100 ml were admistered mtrogen was
found to be the durd effective gas In fact 25 ml of mtrogen per breath
actelerated the cardiac rhythm nearly as much as air did but when larger
tidal volumes were used, the effect of nutrogen was much less Seomewhat less
Potent than mitrogen was the mixture consistng of 20 % O 7 % CO; and

7% Ny whereas venulaty

on of the lungs and arr sacs with 7 %, O 7 % CO
20d 86 94 N was almost wathout any effect at all
Discussion
I’;U‘u.f-\* {1918) and Lousroso (1913) did not observe any pronounced
aspl

7 bradycardia in the duck upon clampims of the trachea In the present
Insestigation however a conspreuous decrease 1n the heart rate resembhng
that seen during submergence was clearly demonstrated m 1esponse to such a
procedure

Although asphyxia alone produces such a marked cardiac slowmg one can

almost certain that the dwving bradycardia 15 not utiated by the asphymia
lon sncurred For whereas the cardiac rhythm starts decreasing nnmediately
Upon water immersion of the head even if the resting pulmonary ventilation
femains unchanged (Axbersew 1963) st usually takes about one half mun ot
13633015 4ctq #hys ol scand ¥ ol 58
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Table I' Changes tn the asphsxic condition by artificral ventilation of vespiratory vrgans
duning dung

ur 7 0, N, w0 0, * 0
m\ 57 €o,|+7 o,
mN, n N,
Hypercapma - -~ - 0 0
Hypoua - L + - 0

* Condition rehicved —  Condition unchanged 0 Condition made worse -+

heal ocel befare the asphyxic brady cardia develops (Figs 2 3and§)

This delay 1s probably the reason why Lostsroso (1913) did not obsenve any
cardiac slowing m his expenments for 1t appears that he subjected the animal
to asphyxia for only a relatively short period of time HuxLev s subjects extubit
ed a shght bradycardia but also 1n her studies the experimental perod wis
shorter than those used i the present wvestigation Furthermore she worked
10 a farge extent on decerebrates and 1t may well be that the ammals have aot
been 1n very good condition Her method for rerording heart rates was 2l
much nferior to those available today

In a previous mvestigation (Anbersen 1963) 3¢ was shown that the physo
logical adjustment to dwing are chaited by the actual ubmergence of the bek
of the duck probably due to sumulation of certam receptors in this area Th,
however does not necessanly 1mply that the asphyxa 1t of no importance Tor
the develop of the card ) ! during dnng For 10k
been clearly demonstrated 1n this study (Tig 5) 1s well as sn the previous enc
(A~perses 1963 Fig 1 C) that the cardio retarding effects of water smmersion
per se and asph al, et ily regardless of whether asphyx
precedes water immerston or vice tersa Therefore thevery marked brﬂdi"""’!"'
seen dunng prolonged dives 15 apparently not due to the one factor or the
other but to the combination of the two b

As to whether the asphyaa bradscardia 1s determmed by hypercapnia of b}
poua 1t seems clear from the results reported 1n the present papes summrﬂ"(ur
1 Fig 11 and Table I that hypercapma 1s by far the most important “mn
From Fig 11 1t appears that the largest effects in terms of cardio-acerfera lH
were obtaned when the lungs and the air-sars of diving ducks were nmﬁﬂ-\uy
entilated with air of a gas mxture composed of 7 9 O, 10 pured? I‘“;,«,
mitrogen being the third most effective gas Table I shows that \muhlm;:\w
these three gases or gas muxtures have one common denoymnator d\c'm'
capmassrehered The COy sensitnaty of the mechamsms smkmgl)»sjnsﬂed i
by the finding, that + with gen hnd a more e 200, O
aceclerating the cardac rhy thm than had the gas mixtute consisting Dothnfu
79, CO,and 73°%, N\, Thisindicates that even a quite severe degree
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docs not constitute an effective brake on the heart rate whereas accumulation
of carbon dioade certamnly does

The mechamsm 15 not entirely independent of the partial pressure of o gen

1n the respiratory organs however for it has been shown that when the hyper-
capma was rebieved by artfiaal ventilation with axr, 7 %, Oyt mitrogen or pure
mtrogen the effect on the heart rate was largest when the hypowe condition was
improved (air) somewhat smaller when 1t was mamtamed unchanged (7 95 O
m mitrogen) and smallest by far when the hypowa became increasingly severe
(N,) Furthermore the oxygen senstnaty was not manfest only upon marked
onygen defictency because when the hypercapma was kept constant and
the supply of oxygen was varied the heart rate mereased much more when
209 Osand 7 % CO 10 mitrogen was given than when 7 5 O and 7 9, CO
m nitrogen was admmstered (Fig 11 Table I)

When the latter gas muxture 1s wed for artifical ventlation of the lungs
and arr sacs after 4—5 mm of under water exposure the composition of gas
m the respiratory organs 15 supposedly not apprectably chanved (Fig 1)
Therefore the only factor mtroduced by this procedure 15 a rhythmue stretching
of the lungs and air sacs Since this mechamcal component of the arssfival
ventilation wa found to exert a shght effect only 1n term. of cardso-acceleration
(Figs 10 and 11) a few remarks may be made as to the abolition of the diving
bradycardia

It was discussed 1 a presious paper (AnpErsen 1963) whether the abrupt
cardio-acceleration upon emersion results from stretchung of the lungs and
arr sacs or from an mcrease m the venous return Al long as the subject 15
breathung spontancously these mechanisms may both act sumultaneoush
However when artificial il 15 ad i the 5 d
For whereas under spontaneous breathing the thorax cavity 1s enlarged due
ta the rontraction of the resprratory muscles so that the mtra thoracic pressure
drops the pressure i the abdomna) cavity mcreases and the venous retarn 1s
consequently faulitated Dunng arnficial venulation howeser this pressure
difference between the thoracic and abdommal cavitses 15 ehmunated or rever-
ted and blood tends to be squeezed anay from the venous side of the heart
Since the passne mechanical venulahon of the lung and air sacs dunng
d“;ng had such a small effect on the heart rate whereas ventilation with ar
{reliet of asphyxia) or 7 9, O, m mitrogen (relief of hvpercapma) made the
submerged duck start spontaneous resprration and elterted a tachycardia
smitar to that seen upon emersion 1t appears Likely that an increase in venous
zetum which probably takes place upon emerston 1s more anportant for the
abolition of the drving bradycardia than 1s the streich of the lungs and air
32¢s Analternatne explanations however that the stsetehung of the respiratory
o7gans have a very modest effect on the heart rate anly when the respirator
center 15 mactine which may be the case m diving Thus latter argument 15
supported by the findings of AxRePeral (1936 2 b) who reported that the heart
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rate 15 influenced over the vagus center, which 1s mhibited durectly by impulses
ansmg m the lungs duning their nflation as well as by mmpulses onginating
m the respiratorv center And in addition the vagus centre 18 indurectly affec
ted by the lungs through the Herine Breuer reflex

Finally 1t appears that spontaneou respiration 1s not resumed dunng
diving unless the asphysia is relieved or, at least that the hypercapmia i
reheved and the hypoxia 1s not too severe This observation fits perfectly with
that of Orr and Watsov (1913) who d d that the resp of
ducks 15 mhubited by carbon dioxide excess so that apnoea may result from
breathing gas muxtures contammng more than 5 % CO,
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Fluctuations 1 the Mitotic Freq of the Glandul
Stomach and Intestine of Rat under the Influence of
ACTH, Glucocorticords, Stress and Heparin

By
Tonn Rasasey
Recer ed 9 November 1967

Atstract

Rasaxex T Fluetuations 1n the mtohiz frequency of the glandular stomack
and wtestine of rat under the influence of ACTH glucocorticouds stress and
Aegann Acta phvsiol. scand 1963 58 201210 — Adrenocoruco-
trophun i a large single dose in contrast 1o the small doses produced
2 distinet drop 1n th  mutoses of the gastric mucosa of rat but not 1
tose of the duodenal mucesa The reducing cffect of dexamethasone
preduisalone and cortsol on the mutotic 1r dex was biggest for dexa
sethasone and smallest for cortisof The cbange wn th muat index
was smaller 1 the duodena) #pithebum than 1n the gastnc mucosa
Perttonstss produced a shght drop 1ttt mes 1n the gastric and duo-
denal epithelium  An acute swess produced a disunct reduction 1n,
Tuteses 1 the gastnc but not an the duodenal jeyunal and colome
puthchum Hepann produced a dwun € redu ton of mucoses in the
gastric epithehum but not 1n t ¢ duodenal epithelum The reducuon
10 the muotic frequency 1 attnbuted 10 more rapid celiular changes m.
the gastric than intestnat larina propra A facor reducing mutouc
frequency 1n the gastnc mucosa 1s probably the focal rapid hepana
Tberanon from the mucosal mast cells The reduction w mtonc
frequmney followng vartous tasulis was greas wn the epuhchum of
the gastne mucosa shght T ot noncxstent w the mtesunal mucosa.
This 18 atributed 10 more rapid ctanges 1 the lamma p ',

£38INE mucoea than in the intestinal Jaina Propna.
factor reducing mitonic frequercs 1 the gastrie Mcoss 8 4
the local, truc hepann biberated from the mucosal mast
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The rats glandular stomach has two zones of cell probferation (STEvD™
and LrpLovp [953, BerrLANFFY 1960 1962) The cells splitting 1n the isthmus
of the glands replace the cells removed from the surface epthelhum The new
mucous neck cells develop 1n the neck region of the glands It s hardly Iikely
that any demonstrable renewal occurs 1n the chief cells and the panctal eells
(Tem Sciatman and Sunpews 1952 Lrsroap and WaLkrr 1956)

The regencration zone 1n the ntestinal mucosa consists of the epithelun of
the crypt from which the cells move towards the tip of the willi and finally
detach themselves into the ntestinal Jumen (Ramonp 1904), although they
lose some of therr structure prior to detachment (Creamrr, SuorTer and
BastrorTit 1961)

The turnover ume of the glandular stomach epithehum m rat 15 about
72 hours (STEVEns 1952) Measured by H? thymudine the turnoser tune ia
the body of mouse stomach 1s over in onc day (Creasrr ct al 1961) In the
glandular epithehum of the human stomach as cvidenced by operative ma
terial from gastric ulcer and cancer cases the amount of mitoses exccedsthat
of healthy stomachs or duodenal ulcer cases {TEir and Rasanes 1961) la
the same pathological conditions no fluctuations i mitolic activity were hated
1n the mucosal epithehum of the duodenum (Berravanesy and Nacy 1961)
the mutotic actvity increased however with the degeneratise mucosal changes
of the jgjunum 11 non tropical sprue (PApykura ct al 1961}

The turnover tme of the mucosal epithelium of the small intestine 3 36
hours for the rat (LrsLonp and Stevens 1948) the corresponding, ume frr
the mouse 1s 24—60 hours depending on the length of the intestinal il (Cres
uer ¢t al 1961) The mitouc rate in the gastric mucosal emithehum of rat
\anies according to the nutnuonal condition of the organism  though st 18 A%
dircetly affected by a meal (Huwr 1957)

ACTH seems to inhibnt the experimental wound healing of gastne mucosd
(Myure 1960) but scems on the other hand to hive an wereaung effect o
the number of epithelial mutoscs by rat (Rasisex and Te 1961) Gluco-
sorticoids reduce the mitoses of the gastne mucosr (Trir and Isorare l"JJJd
The rate of reduction depends on the hiological actimty of the glucocartico!

n the pinnal epidermus of mice (Ciiavory Havsrre and BriTaer 194)
The decrease in mutoses in the gasinc epitheltum 1s probably transient urec
srotonged use of glucocorticoids provokes hyperplasa of the gastne muf':“,
Baker and Brincuan 1904) and intensified differentiation as the P‘"‘o'
:"c!!s increase (REmd Hackrrr and Wetvours 1961) Prolonged strest l:'r
juces hyperplasia of the gastric mucosa (Cox and Barses 1945 Comes
SoLons 1922) although temporary stress reduces the number of mitose? ad

“The changes 1n the exterior milieu of the cpithelial cells of the mur‘ﬂ;: o
ats effect on mutotic homeostasis are probably reflected 1n pir( m” e
changes 1n the lamina propna The present study was "nd:’":dtgmt ells ol

10 obserse the changes in the granulation of the otniously fixe
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the lanuna propria and m the mitotic actvaty of the parenchymal cells under
the wnfluence of stress ACTH glucocorticoids and heparin hepann s likely
to be hiberated from mast cells on thetr degranulation

Matersal and method

The test aumals employed for the vanous expenments of the mvestigation were
male rats of Wistar strain 4 months old all from the same ammal farm. Before the
expennment started the rats were allowed to adapt themseh es to Iaboratory condttions
for 10—14 days during which they were fed a mixed diet with water ad hbstum The
desarled atrangement of each test 15 described separately

Tussue specamens were fixed m Bown s flud and 4 per cent fresh lead acetate The
4 g thuck paraffin sections fixed 1 Bown s fud and hemalaun eosin staned were the
Preparations ffom which the mitoses were counted 10 g thich sections fixed 10 the
lattes way and stained wath toludine bluc were used for the mast cell counts Evers
effort was made to cut the section at nght angles to the mucosa

The mtoses of the gasinc body mucosa were coanted at the hesght of the n ck of
glandular tubes per 4000 epithelial cells parallelly with the mucosa from contiguous
fields of visiun x 945 and ol n the nay d d 1 detad
chewhere (Rasanev and Tem 1961) The mutoses of the mucosa of the stall mtestine
were counted from the bottom of the crypis those of the Jarge 1ntestine at two-thirds
of the height of the glandular tubes fiom 20 eontiguons fields of vision parallelly with
the surface of the mucosa with the above magrification

‘The mast cells of the

BAIIIC mucosa were counted m the way described previousl,
{(Rasanes [960) The mucosal mast cells of the

e small mntesuine were counted from thear
most profuse zone from 20 g fields of vision fi x 945 and ol 1m
mersion

Wilcaxon s Setest was employed for the statutical treatment of the results

Results
I Adrenocorticotrophan

ACTH 1n the form of a zine emulsion
to 9 rats mean weight 172 g (range 176.
intramusculardy The rats were decapitated 24 hours after the last mjection
The controls 10 rats of a mean weight of 179 g (range 168— 212) were gnen
05 ml sabne mgections during the same penod The ammals fasted for the
last 12 hours

{Cortrophin Z Organon) was gnen
—224) 21U x 4at 24 hour iternnals

In the second experment 10 rats were guen asingle dose of 151 U of water
soluble ACTH (Cortroptun Organon) the mean w eight of the anmals was
164 g (range 151--180) The 10 controls mean weight 169 g (range 146—188)
Were gien one 0 5 ml saline injection The injections were mtramuscular The
fats fasted from the time of the 1nyection only and were decapitated 5 hours
alterwards

4 x 21U of ACTH at 24 hour 1nt

the mytoses in the epithehal cells of the

ervals wcreased shightly the numbe
fngle d

gastric and duodenal mucosa A
ose of ACTH produced a disunct decrease m the rmtoses of the
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Table I Medians of mutoses and of mucosal mast cells In the gastric mucosa mutoses ave counted
per 4 000 epathelial cells end mast ¢ells per 1 mm of tissur In the mtestinol mucosa both are
ecounted per 20 vrsual fields

No | Gastne mucosa Duodenum Jeyunum Lalon
s Muoss
oits | Mutoses [Nas | Muoses | Mast | Muoses | Mast
cells eells eells
ACTH4»2) 9 42 197 2> - - - -
1U at24hr <0001
mienvals
Controls 10 32 1062 133 — - - -
ACTH1>15] 10 ] al 2 234 107 as | B
2<0001[ P<00> <00

Controls 10 26 1047 78 291 7 = A

mucasa (P < 0001) but not 1n those of the duodenal mucosa, the latter could
even sncrease sightly The increase of mtoses 1 the jeyunum was almost
signtficant (P < 000) The decrcase 1n mucosal mast cells provoked v 2
small conunuous dose of ACTH was significant 11 the gastnc mucota (P <
0001), but slower per time umt than that following a large sngle dose of
ACTH In 5 hours the mast cells of the gastric mucosa dropped by nearly 3
half (P < 003) The de of the Ny d ble difference
was not so clear because of the usually wide range of the number of rucosal

v cells o signs of degranulation of mast cells was noted n the duodenal
nd jejunal or colonic mucosa

2 Glueseorneords

Dexamethasone (decadron phosphate Merck) was snjected ntramuscutarty
into 10 rats with a mean wesght of 179 g (range 158—198) the dosagewasb ¥
10 mg of the hormone with the aaid component deducted at 8-hourly m‘;’
vals  Predmsolone (D1 Adreson ' Organon) and  hydrocortisont (5o :(
Cortef Upjohn) was gien in equal doses to 10 rats 1n two groups, mean “::Zh
183 g {range 143—214) and 182 g (range 136—~-204) respectnely The 110" hoe
mean weight 179 g (range 168—212 jwere gnen 6 /05 mi normal s
“The rats were without fosd for 12 hours prior to decapitation which “‘A’ P
formed 4 hours afier the last ijection The results are guen m'l:\b‘t{x ot

Under the influence of glucocorticods the mitoue frequency of the gl e

helim of the h dropped disunctly (P < 000]) wrvespectine © .

gfucowﬂlwxd used although the drop was greatest with dexnmﬂhlm':i iy
reduction in the muoses of the duodenal epithchium was !mflgfml’) Wik
est (60 per centi an rats treated with dexamethasone (P < b w38
ds the drop 1n mitoses of the duodenal epith

Ingz
the other glucocortica:
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Table I Veduns of mitoses and of mast calls w the muosa of the raf gastromtestinal canal

No.of | Stomach ;)uodcnum

1 toses

e Mitoses Mast cells

Dexamethasone 10 1 51 53
P <0001 < 00M < 000}

Prednssolone 10 15 357 7
P<000 <0001 <00

Cortsol 10 65 613 5
P<000l <on <00,

Controts 10 S 1082 133

mot 5o conclusive (P < 005) The degranulation of the mast cells of the gastric
mucosa under the influence of glucocorticaids seemed to be siguuficant (P <
0001—001)

3 Stress

A stress was created by peritomts 10 rats mean weght 210 g (range 188—
228) were cach given an intrapentoneal ingection of 1 0 mg of asbestos in
sterihised aqueous suspension Another groupof 10rats meanweight 183 g (range
164—214) was given 1 addition to asbestos myections of 4 X 21U ACTH
zinc once a day The rats were decapitated 5 days after the asbestos mjection
and 24 hours after the last ACTH mjection The control rats were those em
Ployed in the former expermment

An acute stress condition was created

(1) by making 10 rats mean weight
162

g {range 146—180) swum 1n 26 G water for 2 30—3 55 hours decaps
tating them when they were on the pomt of drownmng or (2) by giving 10rats
mean weight 167 g (range 150~178) intramuscular wmgectzons of 2 1U of
snsulin (Insulin Medica) and int ally 0 25 mg of p 1 ethanol

solutton These and (3) the 10 rats mean weight 168 ¢ (range 148—19)

snjected with 0 125 mg of parathion developed 1n 1560 min a lethal shock
and the rats were decapitated while they were i agony Ten control rats
mean weight 169 g (range 146—188) were given 02 ml of normal saline
tntraperstoneally 1 hour before decaprtation

The results of these cxpenments are gnen i Table ITI

A long term stress 1n the form of peritonatis provoked by asbestos seemed to
Pproduce a shght reduction wn mutoses m the epithelium of the gastnc mucosa
(P < 003) In the duod hel d v as shghtly smaller

the
(P <002) Asbestos wath ACTH reduced the smtotic acuaty of the gastrie
nt (P < 005) but not that of the duodenal epithelium

epithelium to some exte;
e mast cells of the gastnc mucosa degranulated shghdy (P < 005) as »

Th
result of peritontis profusely after ACTH (P < 0 001)
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Table II1 Medians of rutoses and of mast cells w the mucosa of the rat gastromtesiinal canal

Do | Stomach Duodenum Jeyunum Colon
s
ats | Mitoses | Mast | Mutoses | Mawe | Mutowes | Samr | 1O
cells cells clls
Asbestos 10 17 865 82 _ - - -
P<003| <00 | <00
Asbestos + | 10| 10 106 98 - - - -
ACTH P<005 | <000l
Controls 1] % 1062 | 133 - - - -
After 10 45 504 7 237 105 146 | 8
swimming P<0001] <003 <002
Parathion + | 10 | 11 390 91 307 88 73 | 3
msuln P<ooot| <0001 | <00s <00
Tarathion 10 1% 874 67 273 65 316 3
P<00s
Insubin. 10 16 791 7 278 106 239 r
P<003] <001
Controls 10 2 1082 78 291 77 257 ”

Table I Medians of mutoses and of mast cells wn the mucosa of rat stomach and dusdemurt

No of | Stomach Duodentm
Mitowes
bl Muoses | Mast eclls
After hrpara 10 7 1N Ly
<001
After hepanin + \CTH 10 3 278 8
P<000! < 0001 <00
10 3 1002 m
Controls > -
o provoke 2

A rapudly developing stress with the rats swimming scemed &
distinct reduction of mitoses 1n the gastric mucosal eprthelium (
wheteas this phenomenon was not seen in the epithehum of the mmﬂm
mucosa In the jejunum the number of mitoses even seemed (0 mm’mc
shghtly duning swimming (P < 005) Nearly half the mast cells of tl&e S“rzr
mucosa degranulated dunng the swim (P < 003) No corresponding degra
Jaton was noted 1n the mast cells of the duodenal mucesa

Parathion possoning combined with nsulin seemed to ol
reducing effect on the muteses 1n the gastric eputhetium (P < 0001}

P < 000)
a3l

frave a dotncth
where the
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mast cells degranulated rapidly (B < 0 001) Tu the ducdenum and the oolon
the number of the mitoses of the epuhiehal cells meressed to a weak degree
(B < 005) The rast cells count of the duodenal mucosa seemed fo mereass
shighaly bt not sgnificanty With parathion alone using haif the above dose
the number of muteses m the epihehum of the gastne mucosa decreased
(P <00} and 5o dd the mast czlls but not sgnificantly  Tosulim shack
alone alsa seetned to recuce the mtoses in the epithebum of the gastie mucasa
{P < D 05) and to 1nduce mast cell degranulation (P < 001) “wo changes
were demonstrable tn the duodenat and colomg mucosa

4 Heperm

Hepann {Pulaun Bawch M 73990 Esans) was smjected mtra sbdormunally
s 10 rats mean wawght 197 g {vange 178-4216) 9 x 18 wg at 12 houwrdy
mienals Inadduion 4 x 2 LU of ACTH zinc was inected 1t 10 tats mean
waight 200 g {range 168-—224; hepanmzed m the way described above the
mjecuons were made i the course of hepanmzaton Three hours afier the
last kepann ugeatian the vats were decapuated The controls were the same
7as a5 Table H The reswlts of heparmzation are grsen it table IV

Hepanpization sceted to reduce disunetly the amount of mitoses i the
cpithichumm of the gasme mucosa [P < 01y The adminntranion of ACTH did
nat seerw to change the whibation of mitate actssty & shight reduetion w the
mtases accurred tn the duodenal mucnsa with ACTH this hecame shghtly

{F < 000) Fep did not change the amount of mast

cefls an 1he gasing muzoss nor did b the degranulanag effect of AUTH
F <oty

Ihscussion

The mitone 1adex of the epubichal eclls of rar £ARTC Mucosa seexss o be
considerably mose susceputhle to changes than that of the duodenal geunal ar
eoloniue epithelium The short term action of ACTH seems to reduce the gastre
mucasal raitases shightly 1t has been found to hase a retarching effect on the
regeneraton of gastric mucosa {Vyiez 1960) Prolonged apglication of ACTH
produces 2 matked mcrease n the amount of mitoste 1n the ZASIRE MUCOSK
of the rat (Rasanen and Trix 1961) after the mucosal masy cells bave almost
complztely fost therr h les (Rasaxen 1961) Fourdag

a5t of muoses n fhe gastng

Tenment wah ACTH prosoked a sh;h\ ntre:
rucosx an thy study

The reduaing effect of glucocoricoids an the mutoses mas be stmibutsble
to the decreased actoity of several enzymes of the cells (howazswsxt 1962)
and w results ep in teduced glucase P and energy p
(Bueeovost 1992) Vet the reducuon in the metone index 18 greater s the
epuiehium of the gastnic mucasa than i that of the tmiestnal mucosa which
may posybl be due to a more repmd change duttay glucororticad action s}
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the lamina propra of the gastric mucosa than 1 that of the intestinal mucess
(RAsaxex 1962)

A shght reduction 1n mitoses 1n the gastric and duodenal epithelium was
noted duning the stress due to peritonitis A local tissue lesion also reduced 1n
uts surroundmgs the mitotic actvity of mouse epdermis (Bottoten and
Laurencr 1960) ACTH combimed with perntomtis reduced the mitote index
of the epithelum of the gastric mucosa but not that of the duodenal epithelum
The reduction sn the mutotic index provoked by a short term, heavy stress
was restricted to the epithelium of the gastnic mucosa In the duodenal mucosz
the number of mitoses even seemed to increase duning short term stress At the
same time 2 pronounced degranulaton of mast cells was noted in the gastne
but not the 1ntestinal mucosa

The acetylchol 1 during paratl (Scia
1960) may act as a hustarune liberator (Patos 1937) and degranulate mast
celfs, which 1s probabfy d with hiepanin fib s {ly 1n the gas-

tric mucosa Insulin 1s likely to enhance this effect with hvpogly caemia stimu
lating the vagus Although the insulin 1s bound in cellular nucler {WiLLass

Ercee and Lee 1953) 1t does not seem to have a stmulaung effect on the
bol

mitoses 10 the gastric mucosa apart from regul the glucose
This effect may be inlubited by the hepanin hiberated from the mucosal mast
cells, probably d with h i and the stumul of

gastne secretion
Hepann seems to exert a reduang effect on mitoses 1n the epithelium of the
mucosa but not in the duodenal epithehum Hepann intubits the
ptgrowth of tumour 1mplants m mouse (Jortes and Grervine 1960) and the
s 1ttoses 1n tissue cultures decrease under sts action (Csasa hara Motp and
Toro 1961) Tts mbibitory effect on the prohferation of cefls 15 tranutory
(Hesesrins and Wissos 1949) and bound to the stereostructure of the heps

rin molecule (Fiscirer 1936)

The mhubitory effect 15 probably due to the hepann minbiung the acto?
of cellular mbonuclease (Romit 1953) Its effect was greatest on the guine
mucosa possibly because of the cellular structure in auself and hepann secretion
through the gastnc mucosa or because of the pH Heparin has a mor® I;:!‘"
nounced inhibiing effect on the ribonuclease of the pancreay in an acd than
1n a neutral or alkaline milieu (Rotit 1933) The continuous local apphrm:r;:
of hepann 1n view of ats effect as an inhilntor of mitoses may gn!un';cw")
effect of cytostaties in tumour therapy (Espiner \ owiss and WALKER ;"c

The dispanty the numercal sanatons of mitoses between tht, W::h
and intestinal epithelium may be due to the fact that the mucmxlmzh‘
ande which 35 posubly stored 1n the mucosal mast cells in gastric m:;.iodrm’

a hepann structure {Sstrrie and Gavror 1923, different ¢ g from ll}tmﬂmm
hepannod (Buancin 1958) and perhaps to their different rates of

T sty seas 2k by 2 grant from the S grd Jusel iy Foundauon
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The Effect of Various Dextran
Fractions on the Suspension Stalnhty of the Blood
after Intravenous Inyection in Cats
By
R Fuassox and U Sasmrws BrRoserG
Recened 15 November 1962

Abstract

Euasson R and U Saseurus Brorerc  The effect of vanaus dextran
Jrachons on the suspension stability of the blood after iiravenous injection
ois Acta physiol scand 1963 58 211—215 ~— The effect of 3
different comm rerally available dextran preparations on the suspen
sion stability of cats blood has been studied after 1v injection

unng @rculatory experiments It is shown that dextrans with a
mean molecular wesght of 75 000 and higher mduce such a marked
decrease 1n the suspension stability that they can hardly be regarded
a3 suntable plasma expanders for this species A dextran preparztion
with a mean molecular weight of 40 000 and a narrow molecular
Wweight dstnbuton (RheomacrodexO) does not change the suspen
son stability of the cats blood It has earlier heen shown to be a

suitable plasma expander and 1ts use 3n physiological experiments
on cats 18 therefore recommended

In many physiological expertments on ammals 1t 15 common to fill the extra
corporeal connections (tubes pumps ete ) with an artfical collad Dextran
solutions are often used for this purpose

From the work of GrowwaLL and IngELMan (1945) TrorsEs and Hmwr
{1920y and others 1 13 known that dextran like other macromolecules can
change the suspension stability of the blood Trorsés and Hevt (1950) showed
that the increase 1n the sedymentation rate of the hyman red blood corpuscles
{ESR) was proportional to the and to the molecular weight of

PARY
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Fig 1 The eflect on erythr sedimentation rarte of various dextran preparaton i pormal
saline and Runger solution added 1n vivo 1o cats blood Each pair of piles represents the ESR
before and after infusion of th solut on 11 one cat The figures below each pile gue e cr
responding hematoent values.

the collord Below a certain melecular weight charactenistie of each collosd
there was however no increase i the ESR even at very high concentranors
This cancal molecular werght was found to be about 60,000 for dextran
Tuorsey and Ricuter (1929) showed that the structure of the dextran mole
cules was of no importance for the results

A marked decrease 1n the suspension stability changes the sheological proper
ties of the blood and may therefore ntroduce an expenmental error 1n mam
arculatory studies Since there are different dextran preparanons avatlatle
and apparently no investigation on the effect of these on the suspensson stahiliy
of the cat s blood 11 was thought of interest to study 1f there are any pract
dsfferences among these preparations when used in physiological expenmens
on animals

Methods

Cats wesghing 2 0—3 6 kg were anesthetized with Nembutal (30 mg kg body wegtt
wtrapetitoneally: Plood was taken as soon as possibl  esther by puncture of the bea”
or through 2 cannula m the femoral artery  All animals were then used for the erd nare
meesugations 1 ¢ crculatory studies All tubes which were connected with the b ";’
vessels, were filled with the solution tated The solume n the tubes was approxird ©°
10 ml. Tn addition the ammals recesed further 5—15 ml of the same solution s v 8418 :
the cxprtunent At the end of the expenment (wsually 36 hours) another Hf;
sample was taken  The bematocnt was citimated by a mcromethod and the A
weve centefuged at 1 500 g for 20 min ESR was deterrmined according to the nd”'r
of Westencnex (1976 using 3 parts of blood and 1 part of 01 M sodium fitrate i
womn. The ESR values were measured after one hour In these exprrirentd whre
bematocnt was changed this was performed by the addjtion of ausologue phm; :

1xt soltsons contamed 6 per cant dextran (Leuconmtoc mesenteroidrs "nmd’:!lﬂﬂ
1 pormal saline or § prt cent glucose Three different preparations were on
11 mean molecular werght (Vu 40000 and 90 pr cent of the n!vru?‘ el
,{Zm-mooo dextran 1 — Nio 73000 8D prr cony watun 25 00011 o0
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tran 11 — §. 87000 80 per cent within 25 000—170 000 The three preparations
are

lly avatlable ag Rh dexO MacrodexD and VetndexC Pharma
©a Ltd. Uppsala. Ringer solution was used as control

Results

No decrease 1 the suspension stabihty of the blood was observed when
Ringer solution or devtran I werc used The two other dextran preparations
(dextran 11 and IIT) on the other hand caused a marked decrease 1n the
suspension stability In many of the expermments the ESR was so high that
maximum values were reached long before the 60 min had passed

The main results are given in Fig 1 The empty columns represent the ESR
belore nfusion and the filled columns after the infusion of the varous solu
tions, There was no difference betw een dextran in normal saline and 1 glucose
Dextran 111 gave results almost similar to dextran I These data have there
fore been omutted 1n the diagram

Readings of the ESR at peniods shorter than 60 min have not been given
In those cases where the ESR was very lugh the blood cclls aggregated nto
large masses which settled at different speeds and therefore did not develop
a distinct border ine which could be used for the ESR value untl the end
of the 60 mun period
N e decreased suspension stability of the blood when dextran II or III
m":h used also gave nise to disturbing sedumentation of the blood corpuscles
conn: transparent plastic tubes used as artificial anastomoses through the
foant volume pump This was espectally observed when the rate of blood

oW was lowercd for experimental reasons
m’; uI; k;\]ﬂ\m that the hematocnit values nfluence the ESR and thercfore the
Int ns ‘Pkbemccn these two parameters of the cat s blood was esumated
dlﬂ.ﬂ":n‘l\odr we only: wanted to deal with the practical consequences of using
the hemay extran and therefore the rel hip between ESR and
Fig 218 :Cﬂl m blood of different suspension stability was not studsed From
rxpmmmgp"“ that the changes 1n the hematocnit obtaned 1n the actual
pretan are not so great that they will sgmficantly influence the nter

n of the results

1
t—633015 Acta physiol seand ¥ ol 58
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Discussion

An ncreased erythrocyte sedimentation rate 1n vitro (LSR) 15 a funchon
of a decreased suspension stabiity of the bload with aggregation of the red
blood cells (FAuraEus 1921) There 1s a close relationship between ISR and
ntravascular aggregation of the blood cells if attention 1s pad 1o the flow rate
of the blood (Provian 1920, FAnrarus 1921, Operr et af 1947 Wers Toer 1957
and others) Thereisno general ag: about the pathophysiological sigmfi
cance ofintravascular aggregation Most of the controversy seems to be due toan
sl defined use of the terminology ¢ g theword sludge Itappearsiikely, how
ever that a marked intravascular aggregation mereasing the relative visconty of
the blood, can cause a decreasein the capillary flow and intraxascular settling of
biood cells and probably also embolic occlusions of the smali vessels, particularly
when the flow 1s slow as in the postcapillary venules and 1n the sinusoids

1t has been d ated that lar aggreg: induced by dif
ferent hinds of trauma  hypothermia or by infusion of high molecular colloids
(dextran, thrombin fibrinogen) 15 closely correlated with a decrease in oxygen
tension of such vital organs as liver and kidney (Hmsuaw efaf 1360}, de
generative changes 1 parenchymatous organs (Fajers and Geuw 1939)
pathological changes i ECG (Swank and Escosar 1957) 1 decrease in
wound healing {ZEDERFELDT 1957) and a decrease 1n oxygen consumption
(LorsTROM 1959) Most of these alterations can be presented or reversed by
proper treatment with colloids increasing the suspension stability of the bleod

In those experiments in which dextran 11 or 11 were used a marked settling
of the blood cells could macroscopically be observed 1 the trinsparent plastic
tubes when the flow was slow The setthng became especaally disturling on
those cccasions when for technical reasons the flow through a part of the exira
corporeal system was shut off for a short period of ume It 1s likely that the
changes observed 1n the plastic tubes 1n part represent what occurs n e
arculatory system (Proxax 1920 Wris Foau 1957)

Clinscal dextran preparations of type II an this study have proven to be
the plasma expander of choice 1n humans Due to 2 marked decrese 1n he
suspension stability of the cat s blood produced by thiy dextran preparton "
seems, morcosver that 1t should not be used 1n experiments on cats where 3
normal circulation 1s of importance

Dextran preparations of type I do notinduce a decreased suspension stahility
of the cat s blood and since 1t has been shown ta possess good plasm nP"“";z
properties (GEL et al 196) Drarr and Lrwis 1961} st appetrs surable 3
for use 1n ph)smlogxml expenments on cats iy of

It has been shown that the effect of dextran on the suspension stabl Hfm
blood from various spectes is hughly different (['uuxo‘: nnd'SA)lﬂ-‘ll: im:d

1963) The results } t 1o thny g can nat el

28 vahd for other speaies than the cat
ons were kendly suppl d by Pharmacia Ltt Uppuata.

The dextran solule
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Functional Orgamzation of the Guneocerebellar
Tract 1n the Cat
By

B Hotmovit O Oscarssos and T Rosin
Recened 17 November 1962

Abstract

Howsgvist B O Oscarsson and 1 Rosén Fumctional orgamica
tun of the cuncocerebeliar tract 1n the cat Acta physiol scand 1963 38
216235 ~ The exp were p { on hetszed
decerebrated and decerebellated cats with the cord transected at
C3 except for the dorsal funiculi Mass discharges were recorded
from the disseeted restform body and umt secording was made
from axons [t 1s shown that the cuncocerebelfar tract contams two
subdivistons one conusts of neurones monosynaptically activated by
group I muscle afferents from one or a fow muscles the other of
neurones disynapucally actnated from cutancous afferents The
{atter subdivision contains three subgroups a) Unuts actnated both
on movement of hairs and pressurc on skin These umits recene
disynaptic excitation from high threshold muscle afferents in adds
tion 10 the exaitation from cutancous afferents. b) Lnns activated
excfusively from pressure seceptors in pads ¢) Lans actnated ex
clusivelv from hasr receptors 1t 1s conrluded that the cuncocerebelfar
tract and the dorsal spumocercbellar tract have a similar orgaruzation
and are largely equivalent as channels for information from forelimbs
and hindlimbs respectively A notable difference 1y that the synaptic
finkage 10 the exteroceptine subdittsion 1s disynaptic in the cuneo-
cerebellar tract and monosynaptic 1n the doral spanocerebelfar ract
— The demonstration of a gractlocercbellar tract by Gowoos and
Serp (1961) has been supported

Tt has repeatedly been suagested that the cuncocerebellar tract 112 ﬁrdf;:"’
homologue to the dorsal spnocerchellar tract (DSCT) {Briuesst lb .
SiErRINGTON 1890 1893 Pass 1933 Fermanro and Barrera 1934 19332 &
Bropar 1941) This suggestion 13 supported by the recent obszn:m;:w'
Graxt (1962a) that 1t termunates i the forchimb arcas of "wrr;'erhurf
cortex sn A manner resembling the termination of DSCT I‘ibm, o ';(unltﬂ
tract reach exclusnely the hindlimb arcas (Grant 1962 b) Both an
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(Graxr and Rexep 1958 Granr 1962b) and physological (Horsowvist,
Oscarssov and Uppenpers 1963) 1 esugations indicate that the DSCT has
no forelimb component

‘The furctional orgamization of the DSCT 1s known in considerable detail
{LaporTe, LunnserG and Oscarssax 1996 2 b Larorte and Lvwpeere 1996
Hotugvist Lironrre and Oscarssox 1926 Lusoeerc and Oscarsson 1926
1960 Curns Ecuiss and Luvpserc 1928 Luvosere and Wnssry 1960
Eccees Oscarssov and WiLns 1961) On the other hand, there is no previous
1 on the org of the bellar tract [he present
obsersanons show that thus tract and the DSCT have a sumtlar organuation
thaugh there are certain importaat differences

Methods

d on H d heul d fated

were
ard decerebellated cats The amumals were paralysed with flaxedil and aruncally
sentllated The blood pressure was not allawed to drop below 7080 mm Hg and way
W mbst experiments between 90 and 120 mm  The body temperature was hept between
35 and 30 ¢

The deep and superficral radial nierves | ere disected bifaterally and mounted for
sumulation 1 pools of warm mineral oil. The deep nerve was regularly cut but the
superfiial nenve often Jeft 1n continuity wath the perpheny i order to permt natural
¢ mulation of receptors In spme experyments bindbmb nerves were also prepared for
ttamulation The sumul were condensor discharges of short duration (half ume of
decay about 50 jisec) The sumulus strength 35 gnen as multples of threshold for
@oking a qust percepuble mgon vollev or 2 Just percepuible mass discharge s the
75 form body “The latter threshold value was used when the mass dischasge apprared
* 3 strength below that causing any visibl ingoing solley

The second cervical vertebra was delaminated and the spial cord transected at the
:'tfd G35 ferel except for the domsal fumcuh which were feft mtact The tisue ventral

the fibrous sepranr between the dorsal and lateral funicult was carefully split with
- d of twa parrs of sharp forceps under mspection through a buocular dissection
m:;mpc The dissecuon resulted i a ram wide gap between the cord ends The
“"ﬂs afterwards hxed i formalin and wnspected for completeness of the transection
abn < é:’!omg volley was monrtored by triphasic recording from the dorsal fumcuh
hzlfc w Jesion In two experiments the fibres 10 the dorsal funicul were stnulated
inn; e below the lenon The cathode was placed on the dorsa) fumcud and the

D‘e i the muscles more caudally
s 3gram ] Fig 5 describes the recording conditions, A dussected restform body
- xf“’pzmi s follows The cerebeffum was sucked away leaving the peduncles and.
ml‘ l;ﬂl white matter intact The brachium conjunct: am and brachium pontis were
sty P::u'gh alomg the interrupted fine A loop ued 1o the peduncies was hooked 1nto
g mmg electrode and used for hiiing the  dissected restform body  from under
e rec:rd n m:fr to produce 2 gag along, the interrupted bine (not shown) The
tzs oy g electrode was placed aganst the “dissected restdorm body  where
Mo hmmmn, with the brain stem at the rostral border of the e1ghth cramal nene
hervey. ';5 hﬂ:’w of 50 10 170 4V could be recorded on sumulat 0o of the forchmb
M frvepirz 2 the restlorm body were recorded from wath capilaty mucroclecsrodes
Perm, LArorte etal (1956 6] Two doubfe beam owalfoscopes were momd

g sinultaneous recording of several events
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Frg  Mass discharges recorded from the dissected resuform body on atrmulation of 1pv
lateral and contralateral muscle (deep radal} and skin (superfieial radial) nerve in Dy Jumb
(M CM IS €S) (A—N) and spsilateral and contsalateral sciat ¢ nerve (ISc CS<) (0=F,
The spinal cord was transected at C3 excepi for the donal funiculs Upper two tracel in cach
sct of records show on a fast ume base the angomg volley recorded tesphas cally from the
dorsal funiculs at €3 and the mass ducharge in the restiform body Lower trace showd the ™
duscharge on a slow time base Superpaved sweeps. Sumulus strengths in multiples of thrabed
for evoking a mass discharge are indicated sn A\—L The stimulus strength in M—T wat 37
proumately 20 umes threshold Dots mark stmulus artefacts Voltagr scale refrm 1o mas
discharge record ng

Results

1 Mauss discharge in restiform body
Fig 1 shows discharges recorded from the dissected restform body on sumy

lation of forelimb nerves after transection of the spmal cord except for the
dorsal fumsculs Reasons for assuming that these discharges were evoked in the
cuncocercbeliar tract will be given n the Discussion The upper trace 30 each
set of records shows the 1ngoing volley recorded from the dorsal fumculs 3t e
C3 lervel and the lower pair of traces shows the mass discharge in the restform
body recorded at different speeds A—F illustrate the duscharge ehenned “:
sumulation of the ipulateral muscle nenve (IM) at indicated strengths T
group 11 volley was not elearly sinible n thus experiment but appeared 1 mh',’
experiments at a strength shightly submaximal for group I (¢f HowuQqvm™ ':,:
1963) The fisst spke Like discharge appeared always before any ingoIng VO -
was discernible (A) The first two apikes were entirely due to It!t‘;l::'m
produced by the group I volley (A—D) the third spike 1 33 w:;::w e
group | and partly to group II actnation The relation between
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DISCHARGE 1N RESTIFGRM 800Y
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Fg 2 Corelanon between sumulus
sength 1ngoing volley and the three
spike-like components of the mass dis-
charge evoked by stimulation of mpst
Latera! muscle nerve s in Fig. I The
amplitude of the sp ke Jike components
n per cent of maxumal amphtude was
Plotted agawst sumulus strength (log.

scade on abscissa) m multiples of
threshold for mgomng solley The left
eurve is drawn through the points rep
resenting the first sprke The lower
graph shows the amphtude of the 1

gowg group 1 volley 1 per cent of
maxumal ampl tude " plotted agamst
stowlus strength (same abscissa asfor o
upper diagram) The threshold fe the
group 1 afferents was determmned at

7
00- T
the end of the experyment by mono ¥
phasic recording from the seve ed C7 20
dorsal root

@ FIRST SPIKE

sox
A THIRD SPIKE

spike like comp of the disck the

& strength and the ingoing
volley 15 well documented by the curves shown m Fig 2 from a different
expenment The first {open circles) and second (filled circles) sprkes grew
parallel and became maximal at a strength sut 1 for group 1T
(see lower graph) The third spike reached a plateau wath the group I volley
Wt increased further wath add 1 of group II affe

Records D and E Fig 1 show that activation of group 11 afferents also pro
duced afarge late actvity which d further with 1 of group IIT
afferents (¢f E and F) Sumulation of the ipsilateral skin nerve (IS) evoked
2 large discharge 1n the resuform body (G—L) It apprared m thus expen
went before the ingoing volley was clearly visible In the other experunents a
small volley was discernible before the mass discharge could be seen The
Et’[}‘r,a\l)a‘ﬂal nerves (GM CS) never evoked any appreaable mass discharge

The discharge elicited from low threshold muscle afferents had a latencs
f 1813 msec 1n the various expersments when measured relaune to the
1"gomg volley recorded at the C3 level This latency shows that the connec
:;:1 IS monesynapuc (the conduction distance was about 25 em) On the
o ler hand the discharge evoked on stumnlation of the shin nerve had a Latency

91021 msec suggesting a disynapic inkage
“;?’; $ymaptic hinkage and the synaptic delay were further investgated by
A ;)’ng from the restiform body dissected at successively more caudal levels
P Fig 3 show records obtamned on sumulation of the muscle nerve at a
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Fig 3 Recording of mass ducharge from the resuform body dissected at successnely more
caudal Icvels (2 3 and 2 mm above obex and at obex as indieated) The spinal cord wat
transected except for the dorsal fumeuli at C3 A—L obtained on simulation of the ip tateral
muscle nerve {deep radial) at a sirength shightly supramaximal for group 1 alferents. F-=j
were obtamed on of the 1l slan nerve { radial) at » strength of
about 3 times threshold E and J show the angowng volleys recorded from th dorsal fumieuls
at C3 The distance between obes and recordmg mtc at C3 was 2 | cm Superposed sweeps

strength slightly supramaximal for group I afferents In A the restform body
was dissected 50 as 1o be m continuity with the brain stem 5 mm rostrally of
the obex There was no distinct presynaptic volley which 1s 1n agreement with
the fact that the external cuneate nucleus does not extend more than 4 mm
above the obex (GRavT 1962 4 and personal communication) When the dis
section was continued 2 and 3 mm further caudally (B C) the presynaptc
solley became wvisible and 1t dominated the picture when the dissection was
extended down to the obex (D) The presynapuic volley reached the C3 level
¥ Smsec (E) and the lower brasa stem | 8 msec alter the stmulus Thesyntphc
delay can be calculated as 69 msec (¢f A and D)

The presynapuic cutancous volley grew in parallel with the muscle afferent
volley (F—1) It reached the C3 level after 1 7 msee (J) and the lower brain
stem after 20 msee {I) The discharge in the restform body was evoked by
the lowest threshold cutancous afferents Hence the delay can be cafeulated

as 1 8 msec (¢f F and I) which indicates a disynaptic hnkage The discharg®
lated 15 bl 1 by the sccond spike

ceessively more cauds!

n the P T
like discharge that can be scen in G—I Duning the su
dissections of the resuform body the masy discharge evoked from the muscle
nerve decreased relatnely ttle /A~D) whereas the cutaneous discharge ¥ 2
smarkedly reduced 1 record H and passibly abolished i record I {the late
potential in H and I s presumably duc to activity mn the main nucleust
These observations sugsest that the anatomical path for the cutaneous ympuls™s
1s different from that for the muscle impulses

4 g coiloevehellar fract GarpoN and Seep (1961) made the unespeeted nlnm:';:f;
that some cells in the rostral past of the gracile nucleus were antidromically xmm
oa sumulation of the spulateral cortex of the anterior cercbellar lohe Thﬂ,’, :Jnm’
cercbellar neurones were activated from seny farge cutancous areas {mran
We have now obizined yesults which support these observating
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Pig 4 Mass discharges recorded from the d ssected restiform body on stmulat an of various
forelimb and h ndlimb nerves The spnal cord was transected cxcept for the dorsal fumcul
2C3 The following nerves were used 1ps lateral and contralateral muscle (deep radial) and
$n {superficial radial) nerve in forelunb (IF\{ CF\M IFS CFS) ipalateral saiatic (except
Yamstniog) nerve (ISe) contralateral scrat ¢ nerve (CSc) spwlateral muscle (hamstring) and
#hin (sural) nerve un handl mb (IHM IHS) The latter two nerves were st mulated at indicated
susengths the other nerves were sumulated at approwimately 20 times threshold The ingoing
1lleys (not shown) were recorded from the dorsal fumicult (forehmb nerves) and from the
::uuc nerve proumaliv of the smulating electrode Dots mark stimulus artefacts Tume scale
Tmec

Records O and P Fig | were obtamed on supramavimal sumulation of the 1pst
teral and contralateral sciatic nerve (ISc and CSc) The spsilateral but not the contra
lateral nenye produced a duscharge 1n the restform body The afferents responsible
for this duscharge were d. d 1n the 1l d i Fig 4 A~D show
the typical discharges evoked on stmulation of forelmb merves Tn G—J the 1ps
lateral hamstring nerve was stimulated at indicated strengths  Sumulation of group I
afferents did not evoke any discharge (G) but a small potential appeared with actna
Yo of group I1 muscle afferents (H 1) and grew with additional sumulation of group
1 afferents (J) The discharge evoked on skin nerve sumulation appeared at a strength

theen 2 and 3 tumes threshold (h L) and grew at higher strengths of stumulation
M N) “The refatnely hugh thresholds may signy the necd of comsiderable spatial
fummation Record E shows the ge cvoked on lation of the
‘psilateral seanc nerve This discharge 15 not much larger than that evoked from the
tural nerve This suggests convergence of many cutaneous afferents on to the same
heurones, which may be correlated wath the large recepuve fields obsersed by Gorpow
;“d SEED (1961) The duscharge cvoked from high threshold muscle afferents (H—J)

2 2 longer latency than the discharge evoked from cutancous afferents which pre
sumably 15 explamed by differences in conduction velorsty ‘The short duration of the

scharge evoked from the sciatic nerve mway suggest occlusion bets een  ollevs 1
“utancous and high threshold muscle afferents

fa

? Unu discharge n testiform body
Recording from fibres 1n the restiform body permutted an analysis of the
Umt actnggy, contiibuting to the mass discharges descnbed above All umits
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Table [ Aumber of umls encountered 1n the restiform body and classificd accordin, 10 thesr con
nections with afferents from sndicated teceptor types The classification 1 based on reqults obtawed
by electrical stumdation of the nerves (stretch yeceptor wnits bemng sdentified by thert oets. e
Jrom group I muscle afferents) andfor adequate stumulation of receplors Number of umity not tested
uith adequate stimulstion ave giwen wathin brackets See test

Identified by Stretch receptors | Deep receptons i | Cutaneous recep
n muscle chest wall tars
Nene stumyfation 15 (+35) 3]
Receptor sumulation 54 8 9
enve and receptor sum. 2 31
“Totals 7 (+5) B 4 {ry

were recorded sn the dorsolateral part of the resuform body just caudal 1o the
eighth cramal nerve in the region mdicated by a dotted line in Fig 5 J The
fibres were encountered from the surface down to a depth of about 1 mm
(the cl, de was mserted perpendicularly 1o the floor of the fourth ventnele)
and the vanous types o be desenbed were sntermingled at random {n thy
part of the restiform body no cell bodies or presynaptic fibres were encountered
One hundred and thirty two units were recorded 1n 7 experiments and are
classified 1nto three groups according to thetr connections with different types
of primary afferents (Table 1y Electnical sumulation with graded strength of
. the deep and superfical radial nenes was tned with all unuts encountered
Measurement of the central delay relative to the ingong volley recosded at
€3 often made 1t possible to determine of the hnkage was mono- dt or pofy
“ synaptic Stmulaton of the dorsal funiculus at the C3 level pcrmll!td assesse
ment of the synaptic linkage with a number of units not activated from an
of the dissected nerves The deep radial nene was always cut but the sup<t
fiaial nerve was 1n 6 exprriments left in conunwuty with the periphery in order
fo permut activation from receptors The effects of receptor stmulstion :r:;
tested wath all the units enco d 1n these expes except with 2 v}u:d
were acunated from the skin perve but lost before adequate stirulatton b
been trned Sumulation of receptors was not ined 1n a preliminary expenmen
all the nerves transected
Mgnlv 3 out of the 132 imcsuigated units had no resting actvity ’l‘hl’}czf)";‘n
nected 10 undenerated recepune fields had usually a restng actiity @ o
60 1mp'sec The mean frequency was 33 and the range 6120 The un;’r’mu
denervated fields 1 ¢ most of the umits actnated from group [ muwolé a
1 the seyered deep radia) nenve had frequencies of brtween 0 and 60 4P o
: t 17 This sugzests that the resting achvaty was pi
per second with a mean a e e rexine
pombardment of impulses from the primary afferen o
due t0 2 lar character but conspicuous Hursty afep
acuvaty had ofien a relatcly regu e o epontaneost
occurred 10 some UDIS As 38 lustrated 1n Fig -J

ubet
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Fg 5 Cuneoccrebellar unit acuvated from group I muscl afferents Upper wwo traces i
€ach set of yecords show on a fast ime base mictoclectrode recording from the axon and
tecording from surface of the dorsal fumicul at C3 lower two twraces show on 4 slow tme
base_microclectrode recording from the avon and recording from dissected resuform bod,
A~F were obtained on sumulauon of the ipslateral muscle nerve (IM) at mdicated strengths
= mult ples of mass discharge threshold. G—I thow that no rge was chicaited by sumula
t0m (at %0 ymes threshold) of the peilateral sk nerve (IS) or of the contralateral muscle and
3un nerve (CM CS) Superposcd sweeps Time scales in msec

¢ diagram (J) describes the recording conditions The  dssected restform body was
brepared ag follows The cer bellum was sucked away leaving the peduncles and adjacent white
mMer intact, The brachmm connct vum and brachiam ponts were cut through along the
nterrupted hine A loop tied to the peduncles was hooked 1010 one of the ecording electrodes
20d wsed for Lfung the disccted fest form body  from underlymng wssue (not shown) The
other recording electrode was placed agamnst th  dissected rest form body  where it was i
€ONINU ty with the bratn stem at the rostral border of the e ghth nerve Axonal record ng was
Perfrmed with n the arca surrounded by the dotted Line

burst 1n 1 consists of 23 spikes with a m: ! freq at 1000 !
Persecond Such bursts did not follow electnicat sumulation of the dorsal funicul
(A~E) and there was no after-dasct natural of re
€eptors Possibly the bursts were due to exatatorv action from other aflerent
ystems than those ascending 1n the cord
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Fig 6 Latency of umt sesponses measured relatve 1o the ingoing volley at upper &3 (Luie-
grams A—C) and latency of responses evoked on clectrical ugxmul:nmn of th pdun.\l fun cult
at lower C3 (hustogram D) In B the fatency of the responies evoked by high threshald (2w
I1 and 111} muscle afferents was measured 7 lanc 10 the group 1 volley which at G3 precedrs

group 11 vollev by approuimately 09 msec (f Hotsgyisy of of 1963) In D the un’"

ta the left of the mterrupted line were activared from muscle stretch receptors (black rectangl™
mdicate three unsts activated from deep receptors i the chest wall presumably Iocated @

.~ nuscle)  the umits to the night were activated from cutaneou receptons Hatet ed ncun:(
10 C ref ¢ to umts act vated only from pressure receptors m pads and suppled recrangfes 1t
and 1) to units actnated exclusnelv from ha r re eptors (sce text)

1 Units activated from stretck receplors 1n muscles
These unus were identified erther by being acuvated from group muscle
afferents on sumulation of the severed nerve or by heng Actated an stretch
of undenenated muscles but not on stmulttion of cutancous receptors Fig
shows a unit which discharged onc or two spihes at 1 sumulus stren
evoked no perceptible ingoing volley (A} Four and sometmes fine sprkes WET€
chated by a submaximal group I volley (€} No addinonal spikes appeare
when the strength was increased to supramiumaj for group 1.1t ;
1psilateral shin nenve (G) and the contrfateral nenves (1 1, did not 640 £

(b that

any discharge .
The remaming 20 units were simifar The first spike appered usmnally 8
yery Jow sumulus strength 1 12 unas out of 18 at 1 strength below 03 :“"’:
threshold and only in one at a strength as fuph as 127 The repentne rrﬂ;‘ Xm

sher 5 I maximal group I sumulation evoked | 3pt £
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one¢umt 2 3 and 4 spikes in each four umts 5spikesin five umits and 6 spihes
m three units In no case was there evidence for addiional activation from
group I and III muscle affe or from e Afferent volleys
n 1 nerves were 1neff with these umits as with all units en
countered 1n the present experiments

The latency of the first spike relative to the ingomng volley at the C3 level
wasin most cases 1 0 to 1 4 msec proving a monesynaptic Iinkage (see histo-
graminfig 6 A) In the umt shown in Fig 5 and one other umt the latency
was fonger, about 2 msec but the general similanty 1n behavior and virtual
lack of need for spatial summation indicate that these 2 umts were also mono-
synapically actvated It should also be menuoned that the umt in Fig 5 was
found 1n an with 1ly long I the other 3 group I
2cinated units had latencies of 14 msec

With 16 umits activated from group 1 afferents 1 the deep radial nerse
adequate sumulation of receptors was tested Only 1 two units was there an
atecleration of the resting activity 1t was 1n both cases eheited by stretch of
one of the muscles producing movement at the wnist Decrease of the resting
2ctity was found 1n three units 1t was caused by movements at the wnst and
Pressure agamnst deep tissues  presumably muscle In one of these umits strong
pinching of the skin also caused wnhubition but shght movement of underlymg
tissues could not be excluded

Fifty four unuts were 1dentified by their excitation on stretch of and pressure
2gamst muscles These umits were not activated from any of the dissected
nerves but with the 20 units so tested electrical sumulation of the dorsal fumcula
showed that the connection with primary afferents was monosynaptic (Fig 6
D Fyg 7 K~M) In most cases a single muscle seemed to be responsible for
the actnation but 1t was often 1mpossible to exclude that the effect was evoked
YoM two or more adjacent muscles In 6 cases there was clear evidence for
€omvergence one muscle of the upper arm and one of the forearm produced
Ccitation There was never any excitatory effect on adequate sumulation of
Cutaneous receptors Inhibatory effects were not evoked from the skin on hght
Sumuly bug on strong pinct Howeser unloading of muscles
upplying excitation could not be excluded 1n these cases neither 1 the few

€ases where pressure or stretch of certan muscles caused some decrease of the
Testing activiry

B Lnits activated from deep receptors mn the chest wall

All of these 8 unts except one had a resting activity which vanied rhythmical
% With breathing They could be infiuenced by deformation of the chest wall
but never by touch pressure or pinclung of the skin In several cases pressurc
Tgunst subcutaneous tissue caused excitation from a receptive area of 40 to
190 ey These umits were not actnated from any of the dusected nernves but

'
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Fig 7 Three cuncocerrbellar v acnated by electrieal stumulaton of the dorsa! funsedd
2t fower €3 A~-] shows 2 ot actnated from hair and pressure reccprors in 8 1arg {about
100 em?) recepuse field on upper part of thorax F~] shows the roting Actty dur rg e
succesuse meeps h—M thows 2 umit actnated from stsetch receptors i the trceps muwdd
N\ sy weeps) 3 um 2ctvated from deep recepion in the chest wall Sumulanon
e drsal fun culs at 1nd zated sirengths lan multples of threst old for evoking a mas

3 .are an the dosected restiform body  The upper trace shows the mas d scharg the roet
L~ body The ino dower traces stow the umit dischsrge at differeat speed. Tia scales g md

were monosynapucally actunated from fibres sn the dursal fumculs i the three
cases so tested (Fig 6 D black rectangles Fig 7 ) Presumably these unis
were actssated from group I muscle afferents in thoracie muscles

C Lruts ectuated from enaneous receplors

“These units discharged after a delay indicaung a disynapue ot 11 3 fow
cases 2 polysynapuc hnkage when actnated o electneal sumulaton of the
skin penve (Fig 6 €) “ine of the umits were wdenufied by thesr responses of

deq L of & receptoss but were not discharyed on st
Iation of the cutancous nenve {Table Ij six of these unsts weve tested by sury
taton of the dorsal fumeul and shown fo have a disynapuc hnkage sath
primary afferents (Fic 6 D Fig 7 A-—Y; The 40 unus tested with na sl
stirulaton of cutapeous receptors have been dnaded into threc subgroups
accarding to their connechons swith sanous types of recepton {¢f Table 13}
34 units were acnated from recepters responding 1o s ement of hasrs atd
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f{hi Cuntocerebellar unit activated from hair and pressure receptors The receptive field

Yoy % 1n K A—E were obtained on sumulation of the psilateral muscle nerve (1M} and

o tﬂ':’: stimulation of the spsilate al skin nerve (IS at indicated strengths I—J show that

A atoect Mas produced by stimalation of the contralateral muscle or skin nerve (CM CS)

bOdy and tmes threshold The traces show mgowmg volley at C3 mass discharge in resuform
trut ducharge at two specds a3 Fg 5 Time scales 1n msec

Pressure on the skin 4 umts were activated only from pressure receptors n
Pads and finally 2 umits were activated excl ly from har
. :hnl‘lmu actt ated both on mo ement of hatrs and pressure on skin A typical unt
o !hr‘l’:ﬂ? Fig 8 A sigle spike appeared wrregularly at 17 times threshald
prath :on of the ipsilateral muscle nerve (A) Ths strength was shghtly
’\Ptugq.hu old for group T muscle afferents Further spikes appeared when the
m aﬂ_ﬂ\m ncreased to activate more group I afferents (B—D) and group
Vg of ents (E) Sumulation of the 1psilateral skin nerve produced a simular
‘ﬂgmm!p}lrku (F—H) The contralateral nerves were wmeffecuve (I J} The
Yy o ( :gl 7 K} shows the recepuve area Withun this arca bending of
ety t;[b OWIng against them produced a marked mcrease 1n the resting
Aty m essure agamst the skin increased the acceleration of the resting
Tore o ore than shight touch Punching of a skin fold was not appreciably
o cuve than firm pressure
"Ulixd:) lhumts activated from recepnve fields (defined by natural sumulation)
chargeq Oe all'Ca mnenated by the dussected nerves were nevertheless dis
o, n electrical sumulation of these nerves However 1in these cases the
TY acuon was weak and the spikes had sometimes a long latency For
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Fig 9 Cuncocerebellar neurone acuvated from haie and pressute receptory The receptae
field 13 shov n1n J Upper trace shows the mass discharge 1n the druected rest farm body lowrr
trace the unit response A—D were obtained on stumulation af the ip ateral muscle nene
(IM) and E—~G on stumulation of the ipsitateral skin nenve (IS) at indicated sirengthe H-I
swere abtaned on stimulation of the ontralateral muscle and skin n e (M C5) at 3 sumio
strength of about 20 umes threshold Time scale 1n msec

example the umit shown 1n Fig 9 was activated on bending of hairs and
pressure agamnst the skin within the large arca shawn by the diagram ()
Stimulation of group IT muscle afferents and cutancous afferents evoked fur
or five spikes the first having a latency of 12 to 15 msee (relatne to ingomg
volley) This Intency suggests that several interncurones were interpolated
The weak exatatory effects coming from outside the receptive field mav be
of little funcuional sigmficance Stmular obscrvations have been made with
gracilts neurones (PErt  WintLock and Gentry 1962)

Out of the 34 units imvestigated 26 were actinated by a volley mn the skin
nenve and 22 by a volley in high threshold muscle afferents Posaibly all umt
belonging to this group were activated not only from cutancous afferents but
also from fugh threshold muscle afle and hence ¢ one of the man
pathways mfluenced by the flexor reflex afferents (Eceres and Lunprere 19
Luwprerc 1929 Houstgwist Lusnsrro and Oscarssos 1960, 1 uspnern and
Oscarssos 1961 1962) The vl spike discharged an theeweal sumulaton
of the skin nenve had usually a lateney of 20—2 5 msec (Fyy, 6 Cj ndicatint
a duynaptic hokage A diynapuc hnkage may also be responuble for ((I::
inwtal spikes appeanng, at a sightly loager latency wherew a pn\)ﬂ)mi:'«
Linkage 15 smphcated 10 most cases when the first spike had a latency oflmrw

than 6 msce These spikes were usually discharged by 1 volley 1n relatnel ‘): "
hreshold afferents (¢f Fig 9) The imual spike produced by a vofler If:o (:K
threhold muscle afferents had 4 delay of 27 mscc or more relatne
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Table IT Classfication of wsts actrrated from cutaneous seceptors acgording £3 made of actwation
ond location of vecepive fields Si.e of recephive fields

Subgroup act ated | Location of receptive field | Number of | Receptive ficld wm cmd
ume Range \fean

—_—

Both by rasvement of [ \Lammly foot 12 1510 47

bas and pressure on | Mamnly forearm 1 22 us

skn Manly upper arm 3 20--30 2318
Trunk 6 5a—140 %3

Only by presure on| Pads 4 05--20

pads

Only by movement of | Foot 2 0710

haury

————

roup I volley recorded at C3 (Fig 6 B) At that level of the cord the group
Mrolley 1 delayed by about 09 msec relatne to the group I volley (see ¢ g
Fig 2 1n Hornguist st al 1963) The mutial spike was usually evoked by low
treshold group I afferents and the latency indicates that they exert their
Sxatatory action through one or more interneurones

A volley 1n cutaneous afferents esoked from one or 2 fex spikes up to more

21 30 The itial frequency was usually hugh when the latency of the first
$pike 1ad, d fr of 700—] 000 per second were

a disynaptic hinkage
Sbsersed A volley 1n hugh threshold muscle afferents usually evoked a shahtly
Sorter tram of spikes

All the unsts were activated by shght movement of hairs and pressure agawnst
“; skn The effect evoked by movement of hairs had a fast adaptation,
M ereas the effect evoked by pressure had a slow and Lttle marked adaptation
bmm the description of cutaneous afferents by Hovt and Mclntyre (1960 2

} 1t would appear that the yrts were d both from fast adapung haw
Teeeptory aud slowly adapting touch and pressure receptors Pinchung some
Ymes ancreased the acceleration of the resting discharge produced by firm
Presure of a shin fold However 1t 15 not clear if this mdicates addihonal
:cxhuon from pawn afferents or if 1t was due to an mtense sumulation of
Pm‘“}‘:"e P! Following \! of the skin (touch pressure or
m: r‘“g) there was ittle or no after-discharge Light touch was usually effec
l}mcmm the whole area of the recepive field Only 1 gne or two cases Wis

2 narrow border zone in which only pressure and pinching were eflective,
mne size of the recepuse feld varred with respect tots posttion The average
lrc nereased from distal to more provumal regtons of the Lmb and very large
'm:z\"crc found on the trunk (Table II) A similar organzation has been
v n other ascending pathways (¢f Mouwreastre 19,7 MouvTcasTLe and

OWEZ£.1939 Rnucer Sousorrand Wirhoveny 1961 Luspeerc and OscaRs-
15633015 teta physiol seand ¥ ol 58
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so~ 1961, Axpersson 1962, Prry et al 1962) There was a tendeney for the
fields on the forehmb to be smaller than corresponding lundhmb fields
DSCT umts {Luvpeers and Oscarsson 1960) which might be connected with
a more finely graded coordmation of movements in the forelmb A similar
difference 1n size has been obsened for forelmb and fundlimb recepise fickds
i cortical eells {Axpersson 1962 p 16)

The receptive areas on the trunk were large and extended in three cacs
from the Ievel of the Thl or Th2 vertebra down to the level of the THI0 (one
unit) or L1 vertebra (two units) (¢f Fig 9) The caudal extent 15 remarkable
as the cuneate nucles are said to recenve afferents only from the dorsal oots
cramally of Thé 10 Th9 (the level vanously gnen by FerrRARO and Bargers
1930 a Warker and Weaver 1942, Liv [93b; However, 1t should be re
membered that each root innervates a dermatome that extends over an area
corvesponding to several \ertebrae (HEkMaTPANAR 1961)

The strong effccts evoked from cutancous receptors made 1t impossible to
mestgate any effects on adequate sumulation of group I and 111 muscle
afferents Howexer, 1t 15 of interest that pressure agamst deep tissues outude
the area covered by the cutancous receptive field did not produce any marked
excriation or mhbition This mught suggest that the deep receptne field
1s covered by the sk ficld

Inhibitory effects were only encountered in three unsts In these cast
pinching of the skin outside the receptive field produced a shght decrease of
the resung acuvity The inhibitory arca was close to but did not surround

~ the excitatory area

b Units actreated from pressure veceptors in pads Four units were activated e
clustvely from pressure receptors 1n pads Very shight pressure was suffictent 10
evoke strong excitattion  pmching did not produce any additional actnano?
The cffcct showed bittle sf any adaptation The recepuive ficld was one or p37t
of onc pad and there was no excitatory effect from the surrounding hary sk
Shght inhibition was evoked by pinching of the skin surrounding the pad 18
one umt no tnhibstion was obsenied 1n the other three units Tsvo of the w9

§ by low threshold aff in the dissected skun nene afm'li
) n

were
latency indicatine of a disynapuc hinkage (Fig 6 € hatched rectangles
no umt was there any effect from the muscle nerve

¢ Unitr ects ated exclusscely from haw seceptors A distinet group seems to b
formed by 1o unsts acmated exclusively from har receprors in small mcpu:fr
ficlds One nnit was activated from a 07 em? large arca ar the dustal eﬂd&
the fourth toe the other from a slightly larger area just behind the central p;|
The adequate sumulus was mosement of hairs and the cffect had a veny ‘ar
resting actiaty returned 1o its onginal salue on prevuse ‘
el afier the smnal burst of actwary It i concluded 3
fant adapung hair receplon (¢
cts \ ere olnerved Tre £

adaptation The

pinching immed;
these units were actnated exclusively from

Hu~t and MclvTvRe 1960 b) Noantubitery effe
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umt discharged on electrical shmulation of the skin nerve and the econd on
stmulation of the dorsal fumcuh (Fig 6 stippled rectangles) n both cases the

latency d a di ptic hinkage 1 of the muscle nenve did not
whluence the umts

Discussion
Inatonncal considerations

It s generally conceded that fibres ascending n the dorsal fumeul terminate
1 the gracile, the mamn cuneate and the external cuneate nucler but i no
other bramn stem structures (FERRARO and Barrera 1935a Walxer and
Weaver 1942 Poapriano and Bropaw 1957 ¢f howeser Rawsov Daven
PoRT and Dotes 1932 Corsrv and Hmvsey 1930 concermng the termination
of the rostralmost cervical roots) It 1s further assumed that the gracile and
mawm cuneate nucler send therr axons up the bram stem through the crossed
medial lemmiscus whereas the external cuneate nucleus sends its axons 1pst
Laterally through the restiform body 1o the cerebellar cortex (Ferwaxo and
Banrgra 1935b Bropar 1941 Matske 1951 Jansen and Bropar 1928)
In our experiments the dusch m the form body was d after
transection of the spral cord leaving the dossal funiculr ntact According to
the classical anatormical picture the recorded discharge would occur 1n the
Uact ansing from the external cuneate nucleus However some caution should
be exeressed when excluding the mam cuneate nucleus as a possible source for
some of the cuneacerebellar fibres Gorpbos and Szep (1961) recently showed
that some cells 10 the rostral part of the gracsle nucleus send their azons 1pss
laterally 10 cerebellum and the eastence of a gracilocerebellar tract 1s strongly

supported by results 1n our cxp Obvsously the of the graale
and cuneate nucles need to be i with hod:
Two groups of were d1n the ebellar tract One

";'as monosynaptically activated from growp { muscle afferents and the other

D y from or transec
tion of the restform body all or almost all cells 1n the external cuneate nucleus
degenerate indicaung that they all project to cercbellum (FErraro and Bax-
RERA 1935 b) Thus might suggest that the intercalated neurones of the cutane-
U8 pathway are located 1n the main cuneate nucleus However there 1s at
Present no anatomical evidence for any fibre connections between the maim
and external cuneate nucler (Jansen and Bropav 1928)

Finctional considerations

Tt 15 of special interest to the of the bell
‘=2t with that of the DSCT These two tracts have been considered as func
uonal homol, forwarding from the forelimbs and

g
Tepectively (see Introduction) Our results shov that the sumlantes in -
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ganvation of the two tracts are striking but there are also mportant diflerences
Fach major functional group m the ¢ bellar tract ¢ ds 10 a
stmifar group 1n the DSCT

The proprioceptave subdivaston of the cuncoverebellar tract consists of a Telatively
homog group of They are ynapuically 1ctnvated from
group [ muscle afferents but httle, 1f 4t all, mfluenced from other types of
afferents The response evoked by 4 solley 1 group I afferents s repetine
possibly because of a prolanged monosynaptic transmitter action as i the
corresponding DSCT neurones (Ecoves et ol 1961) The convergence of group
I afferents to single cuncocerebellar units 1s imited to the afferents from one
or a few muscles

The units 1n the proprioceptive subdivision of the DSCT have sumlar charac
tersstics (LAPORTE etal 1956 b LarorTE and Luvppere 1956 Luspoerg and
Oscarsson 1926 1960, HormovisT et al 1956 Lunpoerg and WinssLry 1960
EcctEs etal 1961) Chey are monasynaptieally actyated from group I muscle
afferents 1n one or a few muscle nerves and the response 13 often repetitne
Some of the group T actsvated DSCT units recene addihonal exotation from
group IT muscle afl Add 1 from these afferents was not
obsesved mn the cuneocerchellar tract but might have been concealed by the
strong excitation from the group I volley

The extervceptne subdision of the cuneocercbellar tract coptans twa or three
q T cul

of

” One subgroup consists of umts acuvated by hght movements of hairy and
wpressure agamst the skin suggesting exatation both from hair receptors and
‘pressure receptors Most or 1l of these unts receive additional exeitauon frorm
hugh threshold muscle affc Tius sut p of beflar units 18
sumilar to a subgroup in the DSCT (Lu~pnere and Oscarsson 1960) Tie
DSCT unuts are actnated by pressure and pinching and also by fight touck
and many of them recene additional excatation from high threshold muscle
afferents Some differences between the subgroups 1n the two tracts may anly
reflect differences in the exaitability of the preparations The cuneocerebellar
umts had 2 ligher excuability a8 indicated by thesr hughes resung actoly

“Tius may explam why the cuncocerebellar umts were strongly actwvated fy
movement of haws from the whale reccpune field whereas wn the DSCT unsts
the effect of hght touch was someumes tbsent and when present usually
ehicriable onls from the centre of the receptive field Other obrervauons ‘W;‘

ever, sugnest real differences in the orgamzauon The DSCT unns but nnt;x:
cuncocerebellar umts had often a marked after-discharge ‘Ths suggests tha

the cuncocercbellar units are relatnnely hittle influenced from complex "““r
onal chains and not actnated by fibres wlich ducharge some time atie

ie Cfibres (of Dovatas and Reraine 197
cuntrast

.

neur
{he erd af the stumuolus such as th
In this connection 1t 1s of interest that the cuncocerelear units 10

1o the DSCT units were Jatle of at all rcuvated by pinching
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A second subgroup of cuneocerebellar umts was activated exclusnely from
slowly adapting pressure receptors 1n pads and corresponds to a virtually
dentical group of “pad umits 1 the DSCT (Luvossre and Oscarsson 1960}
Two neurones i the present matertal may suggest a third subgroup of cuneo-
cerehellar unsts exclusively activated from fast adaptg, hawr receptors 1n small
receptise fields No corresponding subgroup in DSCT has been demonstrated

The unuts of the ptive subd of the bellar tract have
a disynaptic hinkage with the primary affe The possibility was d
above that the intercalated neurones mught be located in the mam cuneate
pucleus The properties of the neurones 1 the gracile and man cuneate nuclex
are known from a number of 1nvestigations (Gorvov and Parce 1960 Gorwov
and Szep 1961 FrucEg ef al 1961 PRy etal 1962) but there are, at present,
ot enough data to permut a detatled comparnison with the properties of the
cuncocerehellar units However 1t should be noted that some of the neurones
1 the gracile and cuneate nuclex are actrvated from Iow threshold jomt af
ferents whereas we have found no Jomnt subd m the bell
fact Sundarly no jomnt subdiviston has been demonstrated in the DSCT
{Lo¥boerc and Oscarssoy 1960)

€ sugg that the bellar tract 1s a forehmb homologue to
DSCT has been substantiated by our results The two tracts are largely equs
valent a5 channels for propnoceptive and e fo Tt m
teresting thag the two tracts nevertheless are built according to partly different
2natomucal plans In the DSCT both the prioceptive and exteroceptive sub-
awvision have Tonosynaptic connections with the primary afferents 1 the
Cuneocerebellar tract only the proprioceptive subdivision

T work was supparted by a grant from the Swedish Medical Research Council. Technical

= was gwen by Mr 3, Jovssov and s Urza Perssov
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Dependence of Glomerular Filtration Rate on Proxumal
Tubular Reabsorption of Salt
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Paur P Leyssac
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Abstract

Levssac P P Dependence of glomerular filtration rate on proxumal tubular
reabsorption of salt Acta physiol scand 1963 58 236—242 ~— The
purpose of the present mvestigation was to study the relationship
between the rate of glomerular filtration and the rate of proximal
tubular reabsorption of filtrate 1n mammalan kidnevs In the ex
posed left kudney of white raty the tme required from hgation of the
left renal artery unul the proxumal tubules have completed reabsorp-
t1on of the lurninal filtrate and the tubules have thus beeome oecluded
was obseried Thus ime interval named  acclusion time  obsenved.
directlv in a stereomicroscope was measured with 2 stop watch and
could be determimned wathin plus or minusy 2 scc Inulin clearances
wete d in pers diately preceding the
of the occlusion tume A Linear correlation was demanstrated between
glomerular filtration rate and occluston tme and 1t 1 concluded that
the proumal reabsorption of sodium 1s 2 T max type of proces
ndependent of but hiuting the glomerular hltration rate

\Micropuncture studies on Vectwrus and mammalian Judneys have shown
that the prowmal reabsorption of filtrate 13 n active transport of sodim
water and amons followingy passively But it remains an unsolved problem a3t
iow the sodium transporting capacity of the proumal tubules and the filtration
rate of salt and water are mutually adjusted  Accarding to the concept ©
Hostzr W Syt (1951 p 326—328; the actve reabrorplion procesy creuesd
dient across the tubular wall whch 1s a fus ct 0
ther hand Bojrsrw (1951) concluded from fus

“prepure

depend

rateimiting concentration gra

of the filtered Inad On the o
own studies on “dilution diurests and from the studies of others on

10m 48 10
drens and “salt direns  that the provimal salime reatsorpt



TUBULAR REABSORFTION OF SALT 237

ent of the load ¢ ¢ 15 a process of 1 max type which 1 some unknown
way 15 kept proportional to the renal plasma flow Even though these expen
ments showed that the rate of reabsorption remamned constant m spite of 1n
creased filtered load 1t smght stll be postulated that the reat 15 a
function of the filtered load as 1n one way or another the process of reabsorption
might have been inhibited — by the low colloid osmotic pressure per se n
the experiments on  dalution dmresss or by the increased mtrarenal pressure
Per se 1n expenments on  pressure diuresis — to exactly the same extent as
the reabsorption might be increased by an elevation of the load Thus we
wese sull without final proof that the proamal reabsorption of sodium s a
T max type of process as suggested by Bojesen

Methods

Ta the present mvestigation white female or male rats (about 250 g body weight)
ere th ly with atall The left idney was exposed
and Mumnated as descnibed for studres by Gor x and MyLie
{1956) The left ureter was cannulated with a polycthylene catheter to the renal pelvis
and a bigature placed loosely around the left renal artery dissected free from the renal
vem. Thus procedure allowed a stable kudney function as ndicated by reproducible
¢learances of ynuln dunng more than one hour 1-—1 5 ml sotenzc sahne was slowly
EWen intravenously before prumng with 15 mg muln and followed by contmuous
mfusion of 1 per cent mubn solution (0 15 mgfmun) Within 30 min from prmmng an
almost steady plasma Jevel of mulin was attamed Plasma samples were drawn from the

::1: m;n)ud artery and wreteral unne was collected 1n 2 or 3 penods (generally 5—10
ea]

tellln one series of experiments the renal artery was ligated mumedrately after the last
ccting perod and the tubular lumima d 1 the fi
lon X 100) By this technique 1t 1s visualized that ligation of the renal artery 13 followed
ar:sgmdual occlusion of the prowmal tubules until no lumina are left and the tubules
“nmel;n a3 light homogenous sold cails The occlusion time from artersal hgation
o e proumal lumina have disappeared was measured with a stop watch and could
1csum:nccl within an accuracy of about plus or munus 2 sec
e :nmo!her series of expeniments instead of hgating the renal artery after the last col
oumg period the lefe kidney was snap frozen at —60 C 1 a freezing mixture of
oy ne an_rll_ solid carbon dicade withun I—2 sec after cutting the renal pedicle of the
tem 8 rat Tissues were then transferred to absolute ethanol at — 20 C and left at this
M:':ature for 6 days (freeze substitution) The temperature was then slowly raised to
oy mefmmpﬂamre and ethanol was changed once Tissues were embedded 1 paraffin
od 1 hz{;bcnzoate and benzene and sections cut at 3 mrcrons and stained with penodic
The s (Mac Manus) i order to visualize the brush border of the provamal tubules
‘nternal diameters of proximal tubules and the cell thicknesses were measured i 50

;‘“VCHE cut circular superficial cortical proumal tubules 1n each hidney by means
2 micrometer ocular

worg and urine of inulin for of filtration rate
clermned by the method of Bojesex (195?) modified for microanalys:s,
v
,.m dosis of pentobarbital given to fermale rats were 10 mg per 100 g body weight (04 mt
3,0 o 3 solution of 100 mg n 4 ml dest lled water) The dosis given s p to male rats\ ere
% {1 ml) for the first 700 g body weight plus 2.5 mg for cach 10 g bodyw ght above 200§
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Fig 1 Tle figure shows the Iinear correlation between spontaneous varations in CFR and the
recipracal values for the occlusion tume ¥ 100 sec  The broken kines are drawn correspond ng
10 a maximal relative error of measurement of 12 5 per cent on both parameters

Results

As apparent from Fig | there 1s a close Linear correlation betw een glomerular
filtration rate and reciprocal occlusion time the correlation cocfficient beirg
+ 08 The shorter the ime required to occlude the tubular lumina the greater
15 the rate of glomerular filrauon  With ainfinite ume of realsorption, the
vegresston lLine aums 1t a glomerular filtration rate of zero ml/min

Fig 2 shows the intemnal (Juminaly diameters of the proximal tubules i2
adneys with varying rates of glomerular filtration The mean tubular diametes
1n each kidney was determined wath an error of less than 5 per cent (2 '"‘_
465 per cent) It appeans from the figure that abowve filtration rates ofﬂl‘
mlfrunfg bV the internal proxamal tubular diameter (and hence the prouma
tubular flwd volume) does not differ sigmficantly dumeters ranging from
26 to 28 ¢ At filtravion rates below 07 mi ming ¥ the mewn dnmt:!f‘;’
decrease sgmificantly waith decreasng rates of filtrwon (t = 10 for l'l;' "

fesence of mean diameters at 05 and 24 mlfminfg kW) Hos ever thand
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g‘f, 2 TFe figure shows the nternal proximal tubular d ameter 1 relation to $he glomerular
auon rate Each paint represents the mean diameter of 50 prouimal tubwles measured
% 2 8E us se¢ off at cach mean

\ e histograms shown below vepresene three typ cal distnbutions of 50 diameters measured
ote the skesy to the left at the low rates of fliration The histograms are drawn from hustatogicat
;]'l;n,uo!’:s‘ wd kdneys having rates of filtrat on before preparation of 068 145 and 240
nlg
L = nandard error of the mean)

Predommantly due to a skew distribution leaving the major part of the diam
€ trs within the same range as the mean diameter i the other groups Also
the cell thickness of proxernal tubules were umnfluenced by the rate of filtration
2bove 07 mijminjg B Howeser at rates of filration below 0 7 mljminfg
AW the cell thickness of the tubules with the least internal diameters was
ncreased

A normal rat kidney of 0 8~1 0 g consists of about 30 000-—32 000 nephrons
Witha Jength of proximal tubules of 1 cm (SpEReER 1944) the internal (lurminal)
*adius of provimal tubules being somewhat above 10 s (Gorrsaiatk and
MYLLE 1956) in the present expenments ranging from 13 to 14 ¢ From this
the amount of filtrate 1 the functroning promal tubules may be calculated

(v ¥ L x 32000)/10 = 017020 ml

“here ¢ tepresents the radius and L the tubular length If the glomerular
filtraon srate 15 0 8—1 0 mlfmin 1 this kidney (I mijminfg KW) and if B0
Per cent af the glomerular filtrate were reabsorbed 1n the proximal tubules
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1t should take 13—15 sce to occlude the tubular Jumina provided that the
reabsorption continues at an unaltered rate until no more filtrite 1s left As
seen from Fig 1 this 1s fawrly close to the findings the occlusion time bens, 20
sec {16—2+t sec) when the glomerular filtration rate 1s ) mljminlg AW

Discnssion and conclusion

Four vanable factors evidently determine the measured rate of disap-
pearance of tubular fluid from the proximal lumina following ligation of the
renal artery 1) the rate of reabsorption of sodium {and consequently of water)
2) the volume of tubular flud per unit tulsular length (2 ¢ the tubular duameter)
3) the concentration of sodium 1n the tubular fiwd, 1nd 4) the presence ot
absence of other 1y active pounds (¢ g 1 or urea)

A fifth factor of significance might theoretically be a flow of iquid from the
proumal tubular lumma esther to more distal segments of the nephrons oras
retrograde flow back through the glomeruli This however was mvestigated by
Opp Hanssen (1960) using ferrocyanide as an ndicator of early post mortem
displacement of tubular fluid In no case a retrograde flow vwas observed and
ferracyamde present in the upper 4/5 of proximal tubules scemed not to pass
the bend of the loop of Henle Nor were there any mcrement in the luminar
diameters 1n more distal segments and the pelvis of animals with tied urerers
did never dilate Since the perstubular capullary pressures {and hence the inter
stiial pressures) and the proimal intratubular pressures are identical (GoTT
scHALk and MyLLe 1936) no significant force capable of driving fluid to more
distal segments could be expected a prion

If therefore the measured occlusion time 15 to give any nformation about
the rate of reabsorption of filtrate the other three varables must be kept
constant L ad

In the present mvestigation all rats had the same diet and water to dnn ‘d
hbitum  The of ) dure was 1d I for all anunals used 2
wfusion of 1—[ 5 ml 1sotoruc saline before priming was gnen in order 10
secure a constant degree of hydration and equal sodium concentrations in (;;
glomerular filtrate \either manmiol nor urea infusions were gnen dunr;:l :

5 and plasma of inulin did not differ by more ¢ ﬂ;‘ﬂ
few mg per 100 ml plasma from one animal to the other The concentrat -
of slowly or nonreabsorbable substances in plasma thus have been mml{:"
and of order of magritude It therefore seems justfied to prstt ¢
that the tubular fluid concentrations of sodism 1nd other msmotich nl!;‘;
substances have actually been constant from one cxpenment 10 lllw "(’M

As internal proumal tubular dimeters did not yary sipmificantly @ o

AW 1t ean be excluded 152
sates of glomerular filtraton of 07 mi min g e e
changes in the solume of proumal tubular fluid have influenced rtol; o 8
occlusion time'filtration rate relationstup Below filtration rates of
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KW mean diameters decrease This howeser, 1s due to the skew d mibution
leaving the magor part of the population with drameters equal to the mean
diameter at Jugher filtration rates Since 1t 1s the occlusion of this major part
which will determne the observed occl tmme the d d mean &

at low filtration rates does not lead to any demonstrable deviation of the
comelation between ocelusion time and glomerular filtration rate 10 the low
range of filwation rates from that applymng to the higher Tange Thus the
¥anations found sn occlusion time must have been due to Yartations m the rate
0’?'!0‘«:11.11 reabsorption only

of p m p 1 tubules of rats under the same
Stpenmental conditions as mn the present mvestigation (GoTTSCHAL& nd
Rfyue, 1956) have shown that the average intratubular pressure 1 a single
fatdid not differ from the average pressure of the whole matertal (193 proximal
Nbufes from 56 rats} nor did the range of pressures in the whole matertal
difer from the range of pressures m « single rat It seems reasonable to beheve
tiat thesc rats have shown the same sp . 1 £l rates
2 thoe found 1n the present expermments Thus 1n spate of such vanianons 1n
fitration rates both prouimal intratubular pressure (Cortserrark and ML)
#1d provmal tybular Sud volume (present ) are not ficant]
different from ane rat ta another Thus 15 1n agreement with the present finding
1at the prowimal tubular cell thickness 1s unanfluenced by the varymng rates ot
fivaton (and consequently of sarying rates of salt reabsorption) a subject
*hich wll be discussed 1n detal m 2 future paper In this connection mav be
mentioned the finding of Mac Rospie and Ussing (1961) 1 the frog shin that
Procedures inbybiting the sodium pump may occur without changes in the
eell volume indicating simultaneous changes 1h 10n permeability However
2t flfration rates below 0 7 mlfminjg hW diameters decrease with decreasng
“ates of filtration At such low hltration rates the cell thichness of tubules with
the Jeast diameter was d af ly rep: tubules at an nter
iediate state of oeclusion In parallel the muratubular pressure 1n single open
Proximal tubules among areas of occluded tubules 1 hidneys after bleeding
S\IIO\\ filtration rates) were very low o mm Hg or below (Gorrscnaik and
Vi 1956)
ﬁl:‘hc Present expeniments thas indicate that the prowmal reabsorption of
ate at I unaltered rate after of fil brought
3baut by hgature of the renal artery strongle indicating that the rate of re
sorpon 15 independent of the “filtred load or supply of salt tp the tubular
' € 132 T max type of process
Since the xate of reabsorption of Filtrate {sodwum) 1 independent of the

Bltranon protess and since a close correlanon exists between occlusion uime
Under these expermmental cond £l the rate of reabsorption only)
31d the glomerular rate 1215 concluded that the rate of glomerular

ffication 1s lynuted by the rate of salt reabsorption Thus clearances of mubn
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within this range of s alues are not a measure of glomerular function or filtration
pressure, but a measure of the intrarenal sodum turnover rate  (STR) and
should rather be so named

How the sodium turnover rate (STR) 15 adjusted to the renal blood flow and
to the mtrarenal hydrostatic pressures stll poses unsolved and nmportint

problems
Recent experiments using the method described 1n the present paper have
suggested that 15 yesf ble for this 1 between renal

blood flow and sodwum turnover rate which will be the subject for 1 future
paper

This work was supported by grants from Statens almindelig  Videnskabsfond and the Novo
Fond
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Abstract

Luvphowsr L. E Mome Lovogorsr and NV axos Lactic and
assay wath L{+Ylactic acrd dehydroyenase from rabbit muscle Acta physol
scand 1963 58 243249 — Lactate assay with L(+}lactic aad
debydrogenase from rabbit muscle and with DP\ myolved the pro-
blem of quanutatvely reducing lactate to pyvuvate The problem
was overcome by use of a solution with 2 high pH by an excess of
DPN and by additon of a carbonyl reagent ¢ g semicarbazide ar
hydrazine which trapped the formed pvruvate Hudrazine v as found
to be preferable to sertcarbazide since 1t appeared to bind pyninate
more effectisely It was thus possible to carry out the reaction witha
100 per cent recovery at pH = 90 This was advantageous because
at pH > 90 bydrazine and semucarbazide rapidly formed products
with DPY that sbsorbed at 340 my gwving  hugh blank value that
varted greatly wath the pH of the solution and sersously afected the
precision of the method Unlile hydrazine moreover semicarbazide
reacted with formed DPNH 1 the presence of atmosphene ovygen,
so that the extnction of DPNH decreased

For determmauon of lactie aad large amounts of blood and tssues the
method of Friepestany and GRAESER (1933) y1elds farrly relable values butsf
only small quanties of lactic acid are available the method 1s not sufficsently
*Msitive For dependable results morcover derabl ! exp
With the method s essenutal (Lunpmors MomE LuspHots and SVEDMYR
193) The method of Barxer 10d Stsnfirso (1941) while more sensitive
' mared by a substantal methodological error and does not consistenth
&1e quanurative recorery (Lusprors etal 1963) The need of an accurate
Srearfic and simple method for lactic aad asay 1s therefore evident
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Enzymatic determination of lactic acid was first described by Lemeany
(1938) who used lactic dehvdrogenase from yeast with potassium ferncyamde
as hydrogen acceptor The prosthetic group 1n this enzyme 13 lavo cytochrome
The amount of potassium ferricyamde consumed can be determined enther by
redox titration (LEmMANN 1938) or by colorimetric means (Wiktasp 1958)
With the use of lactic dehydrogenase from yeast and potassium ferncyvanide
the lactic acid == pyruvate equibbrium 1s shfted entirely to the right The
drawback of this method 15 that yeast lactic dehy drogenase is difficule to prepare
n pure form and 1s not yet commercially available

Lactic dehydrogenase from skeletal muscle has DPN as cofactor and reduces
lactate accordng to the reaction

lactate + DPN dbhydrogons | popyeate + DPNH* + H*

At a physiologic or shightly alkaline pH the lactate == pyruvate equilibrium
1s shifted almost completely towards Inctate (Fig 1) Prurverer and Do
(1955) recommended for promoting the reaction towards the night a pH of
97 and an excess of DPN The actual lactic acid content could then be cafeu
lated from the value for the eqmiibrium constant Homorst (1957) added a
carbony] reagent -— semicarbazide — in order to bind the pyrnate produced
and was thus able to comvert lactate quanutatively mto pyrusate — Formed
DPNH however reacts with semicarbazide 1n the presence of atmosphenc
oxygen and tends to give too low an extinction (Dig 3) Houorst (1907} there
fore recommended that the reaction be carried out 1 raawe at pH 105 for
of quantitatine recovery Scuorz et al (1929) suggested hydrazine
"or binding the pyruvate and Homorst (1962) described a method using ths
"ﬁnncxplc Hottorst alsa recommended that the enzymatie reaction should be
performed at pH 95 — The requisite reagents are marketed under thie a3me
of \Milchsaure Test Boehringer (Mannheim)

In the present msestigation hydrazine evidently trapped the pyruvate more
effectnely so that the transformation of lactate thto pyTuvate occurred quantt
tatively at a lower pH than was the case with semicarbazide. This was advan
tageous 1n that sermcarbazide and hydrazine 1n an atkaline medunm (pH>
60} vielded products with DPN shich absorbed 2t 310 mype An wlkaline mcdl:“:
(pH 2 95) was thus associated with a high and vanable blank value l‘;d
appreciably influenced the precision of the method Hydrazine moreover
not react wath Jormed DPNH in the presence of atmosphenc oxygen

Methods o

“The cxtinction changes of the solutions at 310 my were determined by n:l:;ra!’:

Beckman D 2 recording spectrophotometer — 1 dual beam mummr: e

efrered 1n these experiments. since the extineticn of the blank contin | ats

10 b e spectraptiotoreter was thermostatieally controlld and th_experimen's

lngirs :d’p: 25 C Matched 1 x1 em quartz cusettes were wed IV .’“’
o ;::::n s 237 ml Ta one euvette was added on determination of lactic

nd 1O -
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t

% g C

®
THE mn

L]

T8 7 Relaton between extincton at 340 mu and the g

amount of L{+ Jlactate In the test cu ctte 20ml 05 M

§pme bufter 50 4 M hydrazime (pHL90) 02 ml0077 M

“r\ 2nd 01ml3  perchlonc and with lactat~ In the
TTe0Ce cuvette the same solunons « 1thout lactate

E) <
¥g L)l Bt p  sampl

25105 M gly cane buffer 04\ byd or 04N de — The
JFL o e soluon was adysted 0 90 with NaOH unles otherwnse stated 02 md
SPTMDEN (Bocheimger) 0 03 ml L(+4 Jlactie dehydl (Bochrnger)
g enzyme protewn pee | ml and 0 Lml 3 per cent perchlonc acid contamung varyng
SofZn L{1) Lactate . H,O To the reference cuvette wer added all the solu
W ‘xcept 210c lactate On determunation of lactic acid the extinction difference at
mand 2, © was recorded Solutions were with calib
Ppcttes The pH was defermined with a glass electrode Both the DPN
and the LDH solution somewhat lowered the pH of the buffer soluton and a
v £ PH fall octurred o5 reduction of lactate to pyruvate when frec bydrogen ons
egmned. The bH of the buffer solution was thus shified downward The pH values
d 10 the followuny, text are, therefore the final ones the wttal pH of the buffer
#“h"ngb&nsﬂ 90or 100
» 10 g0 exunction of DPNH was asumed t0 be 622 10% cn® per mole (hown
vy o), A extiaction mcrease of 0 1 would have been eque aleut to 0 0161 4 mole
an ey Bte prr 1 gl cun e contents Since the cunette contatned 2 33 ml soluuon
€01 1 the extinction was equivalent to 3 38 gg lactate per cwvetic

ol uon

Lt tog Results
il vecocered at Different pH 1eth Semucarbazsde and Hydra ane
- l;: IMB {90) only about 15 per cent of the lactate was conyerted to pyru
¥ogy absence of a carbony! reagent (Fig 1) Additon of 04 M
015 Acta phynol scand Vol. 58
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1 SEMKLARAZ 9ENT
SEMEARD ZoEA

Fig 3 Reaction between semicsr
bande and DPNIT Reference
cuvette without DINH Wave
Iength 310 mp

Curve 1 19 104 NI DPVH @
04 Miacrmcarbazide 1n 05 Mgly
ane buffer pH 95 The solutions
saturated with N,

Curye 2 The same ag 1 butinaie
Curve3 | W MDINH ¥ 04
hydrazine + 0 5 M glyeme buffer
pH OO 1n 2

3 voRAZ e AR

TIME mn

Fig 4 1} Immediate absorption at 310 mp of
25 109 MDPY in | M glvene buffer at&f

ferent ptl

2) The s3me with | M glyeine buff ¢ +04 M

hydrazine
3) Wuth 1 M glyene bufer + 04\ hydrat
ne 4+ 003 ml (D

The extinction was measured withun | min
afier adding DI H to the salution and ts P
was then determuned

carbazide snereased the recovery to 85 per cent whiereas the recnven after04
M hydrazine was 100 per cent (Fig 1) When the buffer solution pff yas
rased to 10 0 or 10 5 the recovery 1n the presence of semic arbazide of hyd@zme
usually exceeded 100 per cent but at these hugh pH levels the vahues vared
appreciably 1e  the recovery was not umform \When the pH was lowered ©0
78 recovery was sull 100 per cent after hydrazine Lut the yeacnon 334
conspteuously retarded to ensure a quinttause reiction within 66 min i
was necestary to double the amount of LDH (006 mlj (Tig 1) Fig 2 iustratcd
expesiments i wineh vanious amoums of /n 1{4) lactate were drtermmed
with 64 M hydrazine plos 6 5 \f glycine buffer ac pi 86 and after £0 1200
incubation The average recovery was 103 3 per cent and the standard de

viation = 2 per cent

1 anations in DP'N Content

In order as far as posuble o Jower the extincuion of ¢
vanous concentrations of DPN werc tested 1t lactate determnat)
addition of half the usut amount of DPN (01 ml 0027 3) she recenery Was

he referente cuveitt
n On
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Fig 5 Reaction between &
25 10\ DPN and 04 M hy o
drazne + 05 M glyeme buffer at
different pH  Reference euverts
without DPN Waselength 340
'Y

te ar

L3

"
Conc | pH 98 la st the arrow
04 ot 5N HCl was added to g

[PRPUS NI PV

bﬁﬂnmm and pH was lowesed
Carse 2 The same as 1 butwith fon
addition of 006 m] LDH wh cb m

deereased pH 109 5
Cunve3 pHBE Curved pH7S

7
|
Curve 5 °05 M glyone buffer © P T N
fonbout bycragme) T e

TuE WK

100 per cent Wath addition of only one fourth the usual amount however

the recovery was 75 per cent Reduction of the amount of DPN was thus of
heited valye

Reaction between DPNH and Semicarbazide

Atalkabne pH DPNH reacted with semicarbazide i the presence of atwmos
Bheric oxygen so that the extinction decreased (Fig 3) When the buffer
salution was saturated with N, before addition of DPNH no decrease occurred

Hydrazme even 1n the presence of atmosphenc oxygen did not affect the
Sxunction of DPNH

Etinction of DPN at Dufferent pH and Effects of Hydrazine and Semcarbazide
Ttwas sought to determune the cause of the wide range of values obtained on
U acd assay at pH > 90 in the presence of hydrazine or semicarbazide
BPN extincion at 310 my was found to be pH dependent and tended to mn
{Tease greatly at pH > 10 In the presence of hydrazine or sermcarbazde the
&xtiacuon increased substanually even 1t pH > 90 LDH had no effect on
e extinction provided the comerdent shilt in pH was taken into account
{Fig 4) 1n addition to this immediate 11 crease of the extinction hydrazine
and semscarbazide produced a contsnuous increase the rate of which mounted
»®h rLing pH (Fig 5) Extinction of the blank at 60 s was highly pH
dependent On addition of ¢ g 006 m! LDH to the buffer DPN solution the
P! of the muxture el from 9 76 to 948 — a circumstance which greatly
nflterced yhe extinction of the salution (Fig 5) It was not posstble even by
*IY exact measurement of the various components to ensure a constant and
idenneaf PH for on reduction of lactate to pyrurate free hydrogen 1ons were
_E‘\td 't amounts which depended on the quantity of lacuc acid determned
lha\z: the pH depression was 0 17 pH units greater for determination of 20 41,
" for determmnation of 6 6 #g lactate The ongnal pH of the buffer in thes
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expenments was 9 01 The of the refe solutionwaspHdey
to a lesser degree in the pH 8—9 range than at higher pH values — a cireum
stance which probably accounts for the far greater consistency of the recovery
at pH <90 At pH < 90, however, 100 per cent recovery wasrecorded with
hydrazine but not with serucarbazide — hydrazine thus being decrdedly
superior 1n this respect

The continuous increase of the extinction at 340 myt which occurred m tle
presence of hydrazine and semicarbazde probably reflected the formation of
a condensation product with DPN DPN has a marked tendency to form such
compounds (harLan 1960) When the pH of the solution was lowered from
10 to 2 by addstion of HC! the extinction promptly returned to sts ongmal
value at pH 2 (Fig 5), indicating that this hypothetical condensation product
was rapdly hydrolyzed 1n acid media

Discussion

Hydrazine to all appearances trapped the formed pyrusate more effectiely
than did semicarbazide This circumstance was probably responsible for the
conversion of all lactate into pyruvate even at neutral pH tn the presence of
hyd Since the prop of both hyd: and semicarbazide at 340 my
1o form absorbing, compounds with DPN was greatly accelerated at pH > 90
3t was unsuitable to perform the experiments at pH exceeding 90 where e
tinction of the blank became high and greatly dependent on pH In thus respect

, our method deviated from that of Honorst (1962) who recommended ol
95 Lastly sermicarbazide reacted with DPNH 1n the presence of atmosphent
avygen so that the extinction tended to fall Hydrazine did not show this
behaviour and was thus preferable to semicarbazide

With the use of hydrazine st was possible to determine I ( +) factate quan
utatively indeed the recovery was somewhat over 100 per cent The yeas™
for this 1s not clear Possibly the assumed molar extinction of DPN\H was sore
what too low A shght systematc error may arise furthermore when different
lactate concentrations are determmed It 1s apparent from Fig, 3 that the e
unction of DPN increased somewhat between pil 8 6 and 90 Reduction ©
Jactate was associated wath the formation of free hydrogen ions which tend
10 Yower the soluton pH according to the 1mount of hetate reduced 178
tended 1n turn to decrease the exuncuon of DPN an the test cuvetie relane
10 that 1n the reference anette thus lessening the exunction difference l’tl""’:
the two Thissource of error could probably be reduced by sncreanng the ghor

ength to § \f
burficr:;:m::, invesugation the enzymatic method of determining l.\‘tl:fh“::
red 1n respect to precision nd quantitative vecovery,

:::;E Z?H;F;znr)tw\ ’:xcd Grarsrr (1933) and Barxrx and St POIvEE S
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{1948} 1n expersments on pure Jacuc acd solutions bleod and exracts from
smooth 2nd smped muscle {Luwonory et af 1963) This companss  demon

strsted the supenonty of the emzymatic method 1n senswtaty wceuracy

#ecifity and quantitative recovery

This ivagation was aided by grants from the Swedish M ducat Research Counod 74 the
b Faundation of the Swedih D abetes Assortation
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From the institute of Occupational Health Helsinki Tintand

Turnover of Rat Serum Lipoprotein Cholesterol
By
Esko harvivex and Marrt MiETTnen
Reterved 18 November 1962

Abstract

harvivex E and M Mierrisesy Turnarer of rat serum lipoprolemn
cholesterol Acta physiol scand 1963 58 250—253 — The distnbu
t1on of cholesterol-4-C* in @y @, and § hipoprotein and chylomicron
fractions srparated by paper electrophoresis was studied from 3 hours
10 8 days after oral adminntration of cholesterol-4 €1t The apparent
tumener time of cholesterol-t C' in the hipoprotein and chylomicron
fractions was found to be very sinular n all fracttons or about 79
hours

,The turnover time of rat plasma cholestero! has been determined by Horra
. ~ad Cunatcorr (1955) They tnjected cholesterol 4 C* intravenously and found
the turnover time of total plasma cholesterol 10 be about 60 hours On the
other hand 1t ts known that plasma chelesterol is divided 1n different fractions
About 60 per cent of mt serum cholesterol 18 caried by «, hpoprotemn 25 pet
cent by a, hipoprotein and 15 per cent by § lipoprotein when fractionated by
paper electrophioresss (Miprrines 19372) However the turnover of cholesterol
contamed 1n these various fractons of rat serum has not been studied Ihe
purpose of the present investipation was (o determine the turnover of the
cholesterol bound to the different hpoproteins of the rat serum

Material and methods

\ale rats of the Wistar strain werghing 200 ta 300 g were caged indrssdually and
gaven astock dict for 3 weeks ad Libitum Then che rats were fasted osermaf tand fred 21
11 AM 8 pic of chalesterold €14 1n 2 g of fat free banal duet The labeled of elsterd hird
supphied by the Radiochemical Centre Amenham Fopland Th di t was v‘rlvr“”’
by ohing cholasterol-t C1 in ethrr and pounng on the dry basal dict Then i
drv diet was made to a paste by adding water [T ratnate the paste 16 about 15 mmuw

From 8 rats blood samples of about 1 mi were taken undry ether anesthesia {m';m
1213 6 9 13 33 and 57 hours after the ingaition of the Labeled choleaterol It hias

250
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Chytom crons

L 1 | 1 t
03 690 1

57
Ho s afte mtake of cholesterol 4 ¢

Fg 1 Semi 4
lot of the of serum and chylom cron frachons
alter mtake nl'choles!crcﬁ—-} C  (Experument [} >

Teported (Mrrrmives 1957b) that bleeding produces an increase of cholesterol in oy

$d # kpoproteins Tn order to study the changes 1n the Lipoproteins during the first 24
ours following the intahe of cholesterolCi* 1t was necessary to draw a relatively
‘hl’gt f;‘olume of blood during a short period of time In order to find out how large was
of eoeet of taking the volume of blood necessitated by the experment another sertes
dapFemments was performed i which only one blood sample of about 1 ml was taken
iy for 9 days after the ingestion of cholesterol-+ C1
a racLonation of the serum hpoprotemns was carned out according to the paper
cctrophoretic method of \ixxiLa (1953) as modified and described elsewhere (M
FTIREN 1937a) using 0 5 ml of serum per analysis
ohas e electropharesis paper \ as cut inito stripes contaiung albumin plus g, globulin
b 9: Lipopratemn a, globulin plus a, hipoproten B globulin plus # Lipoproten and
% 2763 around the starting Line contaming chylomicrons The stripes were boiled
ethep ~anolte ROH for 2 hours The unsapomufiable lipid was taken up 1 petroleum.
to randwashed with50  ethanol and water The uasapontfiable lipid was transferred
ste) planchets and assayed for radiactiaty using a tin mica window Geger tube
Century EW 3 H) and an ERCO Automatic Scaler N 530 F

Resnlts

g | and 2 the total radioactivity found 1n the unsapontfiable lipid
of @, g, and § hipoprotein and the chylomicron fraction of rat serum
% $hown as a function of ime The apparent turnover time of cholesterol-4-Ci¢

In Fy
fraction
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Log scale

~

Rodmoctivity of the sample counts per 100 sec

Tig plot of the rad ofscrum )
aﬁrf mlnkc ofdmlcslcml—4 C1 (Expeniment ")

4 8
Doys ofter intoke of choksterol 4 ¢4
and chylomicron fractions

Table I Litimated relatice specrfic actisty of cholesteral bound 1n
the dfferent lipoprotens
Hours afier | @, a, B Chylo
cholesterol muczon
40
5 12 19 28 44
9 58 48 50 37
53 48 37 29 24
” 38 34 30 24
10 23 0 0 1”7
175 18 15 14 9

+ Fotal radivactivaty (cpmj of the I poprotein bound unsxpem {able

matenal divided by the amount of cholestrral (mg ™
fracuon detrrmined colanm tncally (Mrrtmvey 19374)

} in each
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Per cent _n o,

® Expe ment |

O  Expe ment If

24 48 72
Hours ofte intake of choleste of 4 ¢

Eﬁ d‘z Radwactity of e, Lipoprotem lip d as per cent of the total acuvity m the Lipaprotem

1 the different | fr is d to be about 79 hours 1n group 2
{Fig 2) Excesnve bleeding may have decreased the apparent tumneyer tme
Correction for the volume of the blood samples taken would give an apparent
‘umoser time of about 89 hours

Table I shows the relative speaific actwties of the hpoprot holl 1
fractions
Discussion
The percent dstribution of radioactivty 1n the duffe fr:

pop

found 1n the present study 15 sumlar to the distribution of the amounts of total
Shdlesterol in rat @, a, and § bpoproteins (MiErrvex 1997a) Tt has been
eported that bleeding prod a shift of chol 1 from a lipop to
% and # fracuons m the rat (MiETTIvEs 1957b) In order to avoid ths shaft

©nly small blood samples were taken 1n the present Experiment 11 The results
of Expeniment I1 show no change 1n the distrib; of chol 1rad

?}‘)’:;x the experiment except an 1mtial shuft from the chylomicron fraction to
Tou 'Poproteins (Fig 2) The results of Expeniment 1 do not show a much
o 7 propartion of labeled cholesterol in the a; hpoprotein fraction than was

© Case 1n Experiment 11 (Fig 3)

The rather smilar relawse speaific actities found 1 cholesterol bound to
% 2,and B lipoproteins (Table 1) may indicate that there 15  rapid equilibra
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tion between the different Lipoprotemn fracuons Ths finding 1 tn agreement
with the observations by Frepricksos and HaveL (1958) that the exchange
of labeled chol 1 bety hyl and hpop oceurs rapidly
1n the dog both 1 vivo and 1n vitro

The activity curves for the different Lpoproten fractions in Expenment 11
were straight hnes when plotted on semilogarithmic paper Thus 18 1n agreement
with the findings of HoTta and Cuatcorr (192} who were able to plot similar
straight hines for the total plasma cholesterol after an intravenout njection ofa
solution of cholesterol-4 C* 1nto rats An apparent turnover ume of approut
mately 60 hours was found by these avthors and by Rarvines and Mizrrives
(1962) for the plasma cholesterol after the ntravenous adminsstration These
esumates do not differ much from the present estumates for the apparent turnoter
tumes of chol 1-4 C 1n the diffe Lipop! and chylomicrons.

Supported by grants from Signd Jusélus Foundauon and the State Commission for Science
Finland.

References

Freorcrsow D § and R.] Havet, Quoted in Chemstry of lipids as related to atheroscleros «
A symposum. Ed by I H Pagr Charles C Thomas Springhicld Ilinow USA 1938 pp
214215

Horra § and I L. Cruarcorr The role of the hiver 1 the turnover of plama eholmicrol
Arch Bichem Buofhys 1905 57 28—37

saxvves Eoand M Mernas D of ly gnen cholesterol 3-C' betwern
rat serum Lipoprotcn fracuons 1cta phynol scand 1962 56 15°—1.6

JiErTiNex M., Distnibution of cholesterol and phospt olips Is in rat serum hipoproten fractions
separated by paper clectrophoress Ann Med ¢ p Buol Fenn 1957 35 168172

MiETnvex M Studies of serum Lipids and Iipoproteins 1n blecdir g anacrmua i rats. 4o W 4
exp Dol Fern 1937 35 153—164 .

\xxak, E. Studies on the Ip § protein relationstips n normal and pathological sera and ¢
effeet of heparin on serum Lipoprotesns Scand J dlim Lab Invest 1933 5 Suppl 8




Acta physiol scand. 1963 58 255—262

From the Histological Department Umversity of Upsala and the Institute of
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Mast Cell Content and Fatty Actd Metabolism
the Epididymal Fat Pad of Obese Mice
By
Bo Heruysan Stic Larssov and SioHitd WESTMAN
Recetved 21 November 1962

Abstract

Heustay B S Larssow and § VWESTMAN Mast cell content and
Jatty acid metabolssm an the eprérdymal fat pad of obese mace Acta physol
scand 1963 58 205—262 ~ The chang.s m the mast cell content
of the epididymal and subcutaneous adipose tisues were studied i
two diflerent types of obesity sn fusce Both with the obesity induced

dtt and that d with the vanety of
the obese hypergly d there was a ble accumu
lation of mast cells 1n the fat depots While the relative number of
mast cells was caleulated as 3 per 100 epididymal fat cells in the
lean controls 1t was mote than .0 for the obese hyperglycemyc ant
mals This finding tres.cs the importance of expressing metabolic
data oa Lipogenes:s directly in terms of the fat cells 2nd not per tesue
weight mitrogen or DVA when comparning the adipose tissue in nor
mal and obese mdviduals The greatly ncreased mast cell content
of the adipose tissue 1 obesity would be consistent with prevsous
work on the rat m which 1t was suggested that the hipase activity of
the adipose tissue 15 toncerned wath accumulanon of fat 1n depots
However 1 10 far as hepann did not nfluence the release of free
fatty acids or cleanng factor hpase from the wolated epididymal
adipose tissue no o witre effect of hepann was demonstrated

;;:‘;ous studres hase revealed some pertinent morphological and biorhem

o e 1bout the epididymal adipose tissue 1n mice with the American vanety

" OHcs: hyprrglycenuc syndrome (Herrsany Targepar and WESTMAN

Heres FLIMAN Larssow and Wesrian 1962a b VWesrwan Larsson and
AN 1962) In the static phase of obesity there was a marked redu
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Table I The number of fat and mast cells thousands per mmt 1n the eprdidymal and subeuta
neous adipose tissue fiom AN AQ and ANO muce In addition the number of mast eclis ha
been expressed per thousand fat cells Mean valus + § F Each group consusted of 9 ammals

Ammal | Epdidymal adipose tissuc Subcutaneous adipose tissue

Number of | Number of | Number of | Number of | Number of | Number of
fatcellsn | mast cels snf masteells | farcellsin | mast cells 1n| mast eells
thousands | thousands | per thou thousands | thousands | per thou
per mm? per mm? sand fa cells] per mm® per mmd sand Laeells

AN 67215 021006 | 29+ 4 ) 19247 [0574£009) 28 4
AO 3006 j15740004) 5304170 | 28205 ) 043:006) 18723
ANO 25403 075034 270100 | 46410 | 047 £000| 17424

1n the number of fat cells per umit ussue weight but no concomutant decrease
i the relanve nitrogen content of the epididymal fat pad as compared with
lean Litter mates (HeLLsan efal 1962a) The mmportance of expresung the
metabolic data 1n relation to the number of fat cells was particularly evident
when lysing the in ritro ¢ of acetate snto neuatral fat and fatty acds

In the present investigation the previously noted absence of a correlation
between the number of fat cells and the nitrogen content was studied further
by estimating the mast cell content of the epididymal fat pad of normal and
*bese mice The mast cells were chosen as representatne for non fat cells

nee prel y exp led that the obese hyperglycemic syndrome
as associated with a high proportion of mast cells within the epchidymal

dipose ussue Attempts were also made to evaluate the physiological sgail
cance of heparin by studies of 1ts effect on the release of both cleanng factor
lipase and free fatty acids from the 1solated epididymal fat pad of normal and
obese hyperglycemic mice

Material and Methods

Adult male mice of the obese hyperglycemic stran from R B Jackson Memmel
Laboratorres Bar Harbor Mamz U S A were used The mice were clamfied 1nto the
following 3 groups / Lean anmals (Ob Ob or Ob obj referred to as AN\ mice ? *ﬂ';
rmals with obesity due to the hereditary obese-hyperglycemic syadrome (ob ob) an
referred (o a5 AQ mice I Ammals (Ob Ob or OF ob} uuk obesty ;.m!utr’\‘f b)’ ;;
single sntraprritoneal imgection of 17 mzig body weight of goldthioxhucose (5 ¢
oleasum) and referred 10 a3 ANQ mice .

\fwpholgreal analrses The left eprdidymal £t pad was removed with mimmal |
1 om 9 amyrsals 1n each of the three groups and weighed on a torsion balanee
i » xample of subcutancous fat from the glutral region was taken Thel

edure was performed throu~hout th 3 uniform manner and the numbe
Zloc:xhltd per mm® on the baus of measurements in 200 g1 thick
stamed with brmatoxlinconn (sce Herasan etel 12 a d) Ther
eclls n the adipose Tissue was esumated from cell counts withina
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gx ! The relsnon between the number of fat and mast cells per mm 1 the AN muce
= eprdadymal adipose e @ = subcutancous adipose tissue

made on 10 different sections 10 1 thick and statned with @ 3 % tohudime blue (magr
Souan 695 X} The reducton formula grven by Froveavs (1944) was used for com
i!’;“;lg the actual values Per mu® from that obsened m the sections {f Heuamn

IJ | The error n the mass ccll determmatons amounted to about 4 20 ©
2 :&m selease of fipase ond free futly aords Ta thus part of the wmvestigation 21 AN and
L were used The mast distal parts of the eprdidymal fat pads (ca 100 mg)

” concentration of ether 30 or 1 000 £8 ger ml The adipese
for m:’;s meuhated with continuous shakiogat 3, Cman atmosphere of pure oagen
ok m')ur In determiming the bpolvuc acuvaty an abiquot of each meubaton medivm

" yed for 3y ability to produce free fatty acids from 2 cotron seed osf substrate
con D:mcedux: a3 simlar to that used by Cuerxss and Goroow {1959) except thar
say2d rktd ot {Infonutrol) was used snstead of coconut ol and the medium to be a5
pridnd :rﬁtbc hpase actuy was maxed with the substrate m the proportion 1 3 to
the [mﬁnal PH of abous 85 (¢f hor 1930) The frew farty aceds thus evolved and

of DQ“Y 2ad content of a part of the mediom were determunied with the modifica
123 (1956) method deseribed by Trouy Estes and Freopege (19601

™ Results
o PEber of £t and mast cells per min? epihidvinal and subcutaneous
'POSC e 35 Bven n Table 1

" e In the AN mice the number of mast cells
Wichan ‘hsﬂ 5 3 per 100 fat cells for each of the two tvpes of adipose tissue
e turmbe BrOUp of mice & ponme correlation apparently ewsted between
it ooy T of mast and fat cells sep Fig I The reduced fat cell number per
UIe of tssue 1n the obese mice was assocsated with a conmderable
2 the o ld; relaise number of mmasy cells as compared with the AN muc
thay SOF;orlﬁfmal fat pad the number of mast cells per 100 fat celly was mor
for the e AQ muce and 27 for the ANO mice The corvespanding value
subrutaneoys adipose nissue were 19 and 12 The appre~ -
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1 Fig 2 The mast cell content of the ep didymal
adipose gssue 1n the AN and AO mice Each bar
S 1epresents the number of mast cells obtained per
total epicdidymal ad posc tissuc when the speeific

gravity was assumed to be unity
an 40 ANO

Table Il The 1n vitro metabolism of fotty aesds v the epudidymal adiposetissue from AN and
AQ e Tha release (+) or uptake (—) of free fatty aculs (I 1) as well av the hpaw ac
tiwtty released from the aaipose fissue 1n the presence or absente of keparin 15 expressed as Jug
FIA per 100 mg wet weight and hour Mean talues £ § E The number of antmals studed
15 gteen within brackets

Animal Retease (+) or uptake (~) of FFA in | Assay for hipase activity 1n the medium
the medsum

30 pg heparin n0 heparn 30 pg hepann o hepatuy

AN (9) +003 4007 40404008 011005 - 00202

AO (9} ~005£000 ~QH 019 013 4008 0152013
i 1000 pg heparn | no hepann 1000 g heparin | no heparin

AU2) ~012+008 + 009+ 009 003017 —ogzon

A0{12) | ~ol 2007 ~ 007 + 007 o154 017 po2 2018

of the mast cells within the eprdidymal fat ussue was also apparent when the
figures were calculated as absolute values for both fit pads see Fig 2

The results obtamed when the eprdidymal adipose tissues of the AN ard
AO muce were sneubated either without heparin or with it tn o different
concentrations are gwen in Table 2 expressed as peq FIA per §00 mg wet
weiht and hour In neither the AN nor the AQ mice had the preseree of
hepann any effect on the release of FFA from the ussue The asay § e
cleaning factor kipuse actaty was negane even for the mcubation medier®

which contained hepann
Discunsion
Dunng the tast 15 years the cancept of the metabolism of adiprse e

has been modified It 33 now generally agreed that adipoe tissie rrpmr;ll'
an evtremely active metabolic system The eprcdidymal fat padd us of partscula?
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iaterest 1n expermmental diabetes on account of the very sensitne 1r 4 assays
ot wasubn for which this tssue may be utiized (Renoio efal } Ina
companson of the hpogenetic actrerty of this type of adipose tssge 3 nor
mal and obese hyperglycemie mice Herrsaw st al {1962 2} discusse t € 1m
portance of calculating the metabolic data as actierty per fat cell and 0 tonl
Per wnut bissue: weaght or mutrogen The chosee of parameter for the metabolic
13 15 however, srrelevant in the present expenment where the effect of
heparn has been tested using tissue from the same ammal as control How
BT our observation of a greatly moreased mast cell content of the adipase
kUt m the AQ muce seems to clanfy the somewhat puzzling finding that the
telative mtrogen content of the epicidymat fat pad may be unchanged i the
Amttican varsety of the obese hyperglycemic syndrome tn spite of the marked
fediction in the number of fat cells per umit volume of nssue
m;’;!; éundamemal diffcrences between the twe categones of obesity repre
n e ¥ the AO and ANO mice have been found previously 1o be reflected
] gténzl waghts of the eprdidymal fat pads dunsg adult age (Heruas
e 2¢) The presence of a large number of mast cells also in the adipose
I < of the muce with a hyperph mduced by goldthiogh suggests that
T: Phenomenon 1 related more to state of obewity than to 1es basic cause
m:‘:brmm observation that non fat cally under cenain trcurnstances may
ot ute very much to the total number of cells w the fat depots stresses the
et of wclud hustol i hods sn studies of the regulatory
ansms of this tissue In such exg for e the d

:’t’;"t:f 2nnereased total amount of deoxyribonuclec aad may not necessanly
and éa corresponding increase in the mumber of fat eclls (¢f Zrvoc ANGEL
the TEINBERG 1962) Great mterest has been attnibuted to the rnast cells uinee
M ’g‘ﬂt first shown by Jowrres (1946) to contawn heparin The physiologicat
l::: cance of the conssderable accumulanion of mast cells withan the adipose
s :lm the two types of obeuty 1 difficult 1 assess There 1 strang evidence
that :W efiect of the mast celis within the ussuer Ricev (1923) pomted out
o though the mast cells often stast Lfe near the blood vessela they tend to
“mt %2y from them with increasing matunty Dunng this process the mast
i slowly lose thewr granles and he concluded the released substances would
’p““ 10 be desuned for acuion within the tssues rather than within the blood
Ueam The muluplicatt in of mast cells duning mfecuon and allergy sepresents
2hother argurnent for a focat celfular actssty (BUrkL 1992) Since hepann 13
Bought 14 be released sp ¢ mbnnatsr s with s albumin cofictor the heparn
Uplement  acer rding 12 SSELLMAN  SYLVEY and Juifs (195]) tho lag
molecale woutd p by have grearer difficultses sn Jeaving the tvee spaces

T the blood (\acEvToss 300F)

n distussing the poanble oca effccts of thie mast cefls st must be bornen
md that 1n the rat tn addion 1o heparin and hiutamine they 2l contun
rotorun (MWest 199 Earsizs LX) With regard to the adipese troae




260 BO HELLMAN ET AL

seems however most relevant to focus the attention on heparin because of s
speaific role 1n the metabolism and transport of lipids The adminstration of
hepann has been shown to or late the prod; of a playma
compound possessing lipemia clearing properties (Anprassov 1nd FAwcerr
1950 Romnsox and Frevcit 1960) This lipemua clearing factor 1s now known
to be a hipase which catalyses the hydrolyss of the tnglyceride mosety of lipo
proteins to fatty acids and glycerol (horn 1955 a, b) It has been shown that
heparin has not only the ability to release the enzyme 1 tutro from rat adipose
tissuc but also appears to be an 1 comp of the complete enzyme
system {hoRrN 1957) The accumulation of mast cells wn the adipose tusue 1
connection with obesity would be consistent with some previous observations
1 the rat, suggesting that the lipase actnaty of the adipose tissue 13 concerned
with accumulation of fat in depots Thus a marked enzyme actiity was noted
i the fed rat, when the fat depots were being built up while 1t was low duning
fasting (HovrLEnpere 1959) Our attempts to demonstrate an in rairs effect of
hepanin on the lipid metabolism of the eprdidymal adipose tissue s 1n not
mal and obese hyperglycemic mice were however unsuccessful An influence of
hepann on the FFA bol, has been d d 1n rat adipose issue
I where the add of hepann 1n low concentrations snlubited
the FFA release (SaLayan and Ropivson, 1961) The negatise results of the
assay for cleanng factor lipase activity in the incubauon media with different
hepann concentrations probably also reflect the existence of species differences
1n the 12 oitro resp V¥ hen for ple hepanin in of 110000 s
per ml was added to preparations of pig adipose tissue hipase there was no

yincrease i the enzyme activaty (Lyav and Perryman 1960) and neither was
the cnzyme acuvated by hepanin 1n extracts from chicken adipose tissue (RORY
and Quiciry 1955 1957) That no effect of heparin was found with wolated
epdidymal adipose ussue from mice docs not exclude however that the 1%
riro hepann sceretion from mast cells might have an important local nfluence
on the metabolic activty of the fat cells tn obesity

This imvestigation was supported by grants from the Sweduh Med cal Research Counell
Our thanks arc alio due to AB tstra for the guft of J fonutrol to AB Kabs for 1uman wrs™
albumin to Schenng AG for Solganal B eleosumt and to AB. ¥ strum for hepann
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The Reflex Nature of the Physiological Adjustments
to Dwving and Their Afferent Pathway
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Hararp T AnpeErspN!
Recerved 27 November 1962

Abstract

ANvERSeN H T The seflex nature of the physiological adysstments to
dinng and therr affersnt patheay Acta physiol seand 1963 5¢ 263—
273 — Theel of the sub apnoea and brad) dia has
been mvesgated m intact and decerebrated ducks with and wath
out various tnrermnal lesions 1 order 10 study the reflex nature of the
diing charactenstics and to explore thetr afferent pathway It has
been found that the 1. as well as the y adjust
ments to water immers:on af the Fead are medullary reflexes entirely
sndependent of hisher levels of the central nenous system although
the basic reflex of course may be nfluenced by actvity n Iugher
Centers when the latters are jntact The tngemmal nenve 1s the af
ferent pathway of the reflex arc by w hich the reactions to dving are
snduced upon submersion The ophthalmic dmsion appears to be the
most 1mportant branch of the V nerve 1 this respect but also the
mandibular portion seems to be an element in the afferent hmb of
the reflex arc The maxillary nerve however could not be shown to
serve such a function

The physiological adjustments which take place 1n dwing reptiles birds and
& mMmals upon expenimental water ymmersion arc well known But whereas
nc changts m resprratory arculatory and metabolic parameters have been
mb““‘d)' studied the nervous h < Uinw these to

mergence have tecened much less attention

’
At addeess Instiute fo Zoophys alogy ZEB-Build ng Usniersity of Osto Bl adern
2y

V823015 Acta phs of scond Vol 58
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Huwey (1913a,b ¢) studied the reflex nature of the submersion apnoca
the postural apnoea and the effects of these two phenomena on the heart rate
of the duck She showed that the apnoeic response to water smmersion 1s inde
pendent of higher levels of the central nervous system by demoustrating that
apnoca was induced 1n decerebrates yust as well as in intact indivsduals {19133)
She akso reported that the heart rate of decercbrated duchs decreases during
submergence (1913c) However, the experiments reported in this latter paper
were carried out with the ducks 1n a position which s known to produce posturd
apnoca and retardation of the heart rate (Huxcrv 1913h ¢ Notw Patox 1913),
therefore 1t 1s not possible to decide whether or to which extent the posture
may have influenced the heart rate Furthermore her results were not quite
con istent because complete apnoea could not always be produced This she
attnbuted to the fact that the experiments were performed on decerehrates
shortly after the operation had been completed when the animals may sull have
been under ifluence of the anesthesia and the shock resulting from transection
of the brainstem

Ricner (1899) and Losproso (1913) suggested that afferent impulses carmied
by the tnigeminal nerve might be responsible for the elicitation of the physiolog
1cal adjustments to diving and 1n a previaus paper (ANDERsEN 1963) st has

been d d that the fatory mod: are cfiaated by the water

per se probably due to 1 of certaun receptors located in the
region of the beak

The investigation reported 1n the present paper was undertaken 1n order 0
Tetermine whether the arculatory adjustments to dving like the apnoea a1
» dependent of fugher levels of the central nenvous system, adapung method
f.nf subn ergence by which influence from the postural reflexes can be excluded
with certainty (ANDERseN 1963) and to explore the afferent pathwyy ol the

duing reflexey a ! med of the proper mpulses.

Material and Methods

General s
Ten domestic ducks were used Detailed snformation about the treatment 0‘({‘ ‘
amimals the of the dining exp and the mrihods for mo]f ::*
heart rate and respiration have been pen elsewhere (Axprases 1963} -nd’dm e
be repeated here Al of the ducks used 1n the series of expenments repotted in ot
were provided with tracheal cannulas which extended out of the wa!

resent papet
ﬁhilc the heads of the birds were submerged

Dexerebration toih
e ared under ether anesthena by sucking out one of
D;‘,:;':;:p\::ﬂm g :!T:u teetum masensephaly coutd be seen A blunt immmw"" ::
il shed acrons and through the branstem at the caudal part of the meercrphis o
then p ¢ behind the optic lobes (corpera bigem ag; M the ume when ti ¢ br;r‘ﬂ; bl
mm‘::u‘:f;'c‘: the animal w';s kept as lightly anesthetired 33 possible The Joor
was
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Fig 1 Leyel of tecton of tngesunal nerve supply to beak snd nasal cavity between dotied Iines
{Uer E Corps 1904) Eeounal ey "
A Borial view of beads of govse Orkta voof 1 pmos
o5 = 1 rectus supenior 1N orud motor
P A s med ) 5 IV N trachleanss
f' b = ‘t; rﬁ:’lu lateralis N tngem nus
=V o saperio U =N abd ens
Bemed = Ron ed s it
fmi;:c:x v cw of head of duck showing ma n d vis ons of tr gem nal netve Lateral part of beak
Ve ¥ otfartonus 5 Ram mand b laru externus
V = Rom opehatems P ol  fam praomax tia feror
Y N Truncus maxstlo-mand b lans Psup  Ram proema sllars supersor
Mand -~ Ram mandibulsns slv up = Rom alocolarss supeviar
M Ram me lar
;:;uc orrespond ng atructures of the duck are very x milarly arranged This ustral on Ihere

shown the refat on of om med 4l 1851 1o the varous | ndmarks m ntioned b the jext qu te
wtsfacionly
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Table I Iieart rate before dunng and afier &y 7t ptact (roman) and dec
(ttattes] ducks g and after diowng 18 entact (roman) and decerebrated

Am- [Rest | Heart rate duning submersion of head Heart rate upon  Dura
mal (g | (beats/mm) emergenee [
heart (beats/min) of
rate dne
(beats]| 1 sec Slhcc]lrnm 2min |3 mn]4mn] 5 mun | L see Jﬁkc,)mm )
min)
A l1eof 1005 ] 33 30 0] 32 3 )aeo mi 30 ] 10
13 90| 3|3 | 2] w| 18] Not recarded 5
B 222§ 125 | s0f 30 { 20 24 | 25 | ~ [400 |37 [35]) 4
e 38 ) w30 | 2] 3 ) 0] ~ Vo)) u2) ¢
e J2op13s ) 387530 | sr] - ) - | ~ Jaolan)ze]2
o i s | 0| — | - |- | fe|in]>
D2 dase a2 2] a]aa| -] - Jueo]|zeo]aen]s
o1zl wlas | o) - | - < |25} 0|2
Bof2e fes [ 1s| a2 | 424248 - J1s0]20]am]s
20 |13 ] o || - - — PG| 45 | 40} 25

section was confirmed by macroscopic snspection post mortem Upon eompletinn of the
perative 1 | all of the p Displayed decerebrate nmdiy I Latier

perusted as long as the bird hved The anumals were allowed o recoves fr 1 bout
\aftcr completion of the operation before any experiment was performed

Trgermnal lesions

7 “Ihe distnbution of the vanous branches of the trig-minal nerve has been sudied 1

" great detard in the goose and the duck by Coros (1903) Her t rrinology will be tsed
m this paper  The tngrminal branches supplying sensoty mnenaton 1o the regon
the break, aspecially to the nostnls and the nasal casity were asumed ¢ be of pantk
ular nterest for the prosent study (Aspresrs 193 The nenve branches i queaten
ame from all three mam divivons of the tngrmnal nrre Nenves were cut un jer ethef
aneathona in iatact ducks or without anesthriia in decerchrates

N ophthalmucus The nenve branches of ophthalmic onigin mnenatng the beak and ihe

nanl cavity are distnbuted from am faterafis nan They inclu e the direct extenn el
the Iatter rgm medialis nan (F1g {A and thr two branches ram nasafis internus safere?
and yam nasalis extermss which supply the caudal d rosal and the rostral st of th nass!
eavity raxpretnvely Ram rasalis externas 1 alo diinbuted to the nares and their ymmes
diate surroundingy  The trrminal branches of fam med alis nan are tam praemax s
snfenor and ram proemaxillersy supering the distribeatin of which are indseated sn Fig l’ld
The lovel at which the ophthalmic nene supply was srver d 1t atown by th o
hines 1n Fig 1A Rum medighy ras was rea bed by a dona) appraach Tie skull wa
srrpuned at the border brtwern 1 frona s and 01 nata ¢ by which proredure the nene
can b s0en 2t the vemtral medial erdge of the nasal bon - By expoung and enttin vt;
e les pant 3t ths lesed one alo d arrvates (h area e sensony innrnatin m’-\lu’J
3 supplied by re paschs externas breause the latter 6 e hay ety 16 the n::!
\n, Rem paschs wteresy x rem suns paeall { ard faeral to sam pedial 1 54
with in the pasal bone where it may be reached and svered
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soa
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3 8 8

HEART RATE IN BEATS/MIN

8

Fig 2 Heartrate before dunng and
afier ymmers on of head into water
Before decerebration Dotted. e
Aerd cerebration Solid Line

3
TIME 1N MIN

H dsubm gd

N manllans This nerve 15 very easily exposed 1n the duck by 2 lateral skin mesion
mdway between the eye and the caudal border of the beak Ity asalways cut at this
same level (Fig 1B} well caudal to the departure from the mother trunk of the
branches distibuted to the beak or the nasal cavity

¥ mandibulanys ‘The mandibulas inervation to the beak was severed at the same level
S themaxillary nerve (Frg 1B) Ram mandsbularss externus xs easily exposed and identified
by a ventrodateral memen through the slin The man trunk of the mandibular nerve

e T Tuns here as ram circumflexus through a chamnel 1 the Dbone of the lower jaw
the lateral wall of whuchs 1 very thin Therefore after having cut ram mandibudarss ex
ram arcumflexus was exposed and sectioned by penetration of this wall,

Results
Decerebrates

Resulis obtatned from dwing expeniments on decerebrated ducks are pre
sented in Table I The experment histed for subject B has also been 1llustrated
M Fig 211 order to provide 2 continuous record of the changes with tume 1m
the cardiae thythm before during and after diving The data shows that the
Tate of the decerebrates was lower than that of the unmured
initzal rate of cardiac slowing upon water immersion of the head
%2s about the same 10 controls and decerebrates as was the final level of the

*adycardia during dis g In one of the decerebrates subject E the heart rate
Starteq increasing while the head of the animal was still submerged Howesver

' Preparation appeared to be faulty as judged by the fact that 1t hved for only
3 hours afier decerebration whereas subjects A B and G bued for 10—12
Bours A1) of the decerebrated ducks edhpri the abrupt post diving cardio-
acceleration which 15 usnally displayed by a diving animal upon surfacng In
W essentials therefore the responses of the cardiac thythm to water immersion
©fthe head were found to be the same before and after decerebration
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REST TP OF BEAK
€ INTO WATER

Ar T T ENAL
'
NOSTRLS EYES
SUBMERGED SUBMERGED

oo T N-1L‘gur"
BEAX
AGAINST
8OTYOM

._/L,./\JLA_,

C), SRR NI

MEAD SUBMERGED w

EHN Fig 3 Respiration (upper tracing intpiration

} upwards) and heart rate {lowsr tracing) of de

D cerebrate deprived of tugemmal nnesvanon to

- - - beak and nasal cawty before dunng and afler
submersion of head

0 soc A B and C Continuous record Roughly § min

between end of B and start of D

Decerebrates wath tngeminal lesions
Upon water ymmersion of the head of a decerebrated duck i whch alt
1 branches to the region of the beak had been severed no respiratory
Yo latory ad; could be d d by the methods used This 31
~~shown in Tig 3 It appears that the bird continued breathung through it
tracheal cannula duning the descent and also whilc the head remained sub-
merged for 6 mun and the heart rate did not change apprectably before dunng
or after diving Peery experiment d d on such prep gave the

same results

Iffect of vartous tngemmal lesons

1 Complete deneriation of the beak area Ducks with antact centraf nervous systemt
but with vanous deficats in the trgeminal innervation to the beak and the nasal
cavity were also studied When the mandibular maollany and ophthalmic
supply to this remon had been completely severed the usual responscs @
diving would as a rule not be ehested upon inmernion of the head spto v ater
regardless of whether the duck could see aor not A recording, of the respratory
and cardie actnaty of such a preparaton before during, and afier diang
mught consequently appear wrmally smiar to that shown an b 3 fra
decerebrate with corresponding tngemmunal lesions However sooner of Later
the birds would act as if becoming aware of being submerged and respond b

breath holding and struggling An example i furnished in Fig 4 Intw
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mmwwwmq
B, 7 Resprration (upper tracng

MPiration upwards) and heart rare

BEAK B
10ver traeng) belore during and AGAINST up
vt waler wamerson of bead of I

80TTOM
ek, Ophthalmie mnervation of LU
beuk and sasal cavity complately N\{_\/M—V“—“‘
naed Blindiolded Duck contin

)
divung  for 20 svc atter emer
o

Ty
About 30 sec. between Aand B

When the nenvous supply of ophthalmir orgin had been completely sex :;3
b authng the main branch, of ram medialis nast m addition to ram ded
Wi priar the same effects were obtained as tho € shown 1n Fig 6 pm“z on
te duck wag blndfolded durmg the under water exposure Thiy preparaty "

hd nt requuce such, careful bandhng during the descent as the one just pre\;o:h .
b desmbed but aleg 3n this case would contact between the beak “nr h
bottom of ghe water pool induce the diving charactersstics (Fig 7) If ¢ :
el was pulleg gently out of the water at this pomt it rmght contunue

oy % 1530 se. An cxample 1 furnished s Fig 7B £ the

Finally 4f only the mandibular nerves were cut leaving the rest o r
™0 mal imnery atyor ntact 1t was sometimes possible to wnmerse mto Wwates
2 gart of the beak osteal to the nares without any change 1n respraton or

@M rate However when the nostrals became submerged the divng charac

tengy usually appeared and upon immersion of the level of the eyes they
were imy, anably elicited

Discussion
2h the term duang refloxes 1 d n the
Onservaty e au(he:; hcnjamﬂ t; :stc st The cautiows attitude towards (};r
sroduction of such, 5 concept mto physiological termmology 1s quite ohviously
duety OUT fack of kngy ledge about the reflex are 1t elf’ the nature of the sensory
Tty 1y Quesion and the adequate timulus for their mggening o
& Thar Physiclogicat 2djustinents take place 1n ve. ponse to water nmmmmnm
0 ALl hog been known for almost a century but during the mnety sev
e which have elapsed 1nce the publication of Paur. Berr s claswical mono-
o 1870, Physiologists have exclusn ely studied the diving charaete
e therr efferent pathway whereas the afferent side of the +
T\ Y neglected Ricuer (1899) working on de
i&nam TENe 13 the efferent hmb of the seflex arc by
B Of the reactions 1o e o O fa€ Feliex A

Althoy,
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NOSTRILS
UNDER
WATER

REST

Fig 6 Respration (upper tracing fnspiration upwards)
and heart rate {lower tracing) before and dunng descent
Only lesion  Ram naselus tn emus sufer or bilaterally severed.
Bhindfolded

A—C Conunuous r cotding

Il The mmportance of different tngeminal diuisions An attempt way made to
determine whether one of the main divisions of the tngeminal nerve 15 all
important for inducing the physiol 1) to diving or whether
nenvous ainformation carried by all three of them contributes 10 1he ehattot

“ the reactions to diving

When the maxllary nerve alone had been bilaterally sectioned the dwang

-~ charactenistics appeared as normally upon immersion of the hiead into water
Conversely when the nenve supply of ophthalmic wnd mandibulir ongin nd
Leen severed leaving the mawllancs tntact the duck behved as of having been
completely deprined of trigeminal innervation to the beak and the nasal cavt
ty ¢ ¢ the diving reactions were not induced The recordings obtained 10 2%
cxperiment on the latter preparation are shown in Fig 5

The ophthalmic innervation of the beak and the nasal casaty 1s supphed by
brarches from ram lateralts nat The caudal dorsal part of the pasal cand
may be denervated separately by bilateral section of ram nasalis internas s e
Thus operation was performed n three ammaly and the respiratory and &t
diac responses recorded from one of them while submerged blindDided are
shownn Fig 6 Tt appears that it was powaible to avod ehictation of the normal
reactions to diving under such crrcumstances However the duck fiad o be
submerged very carefully without audible splashes and of the beak wasalios &l
to touch the bottom of the water pool apnoea snd bradycardia resulted m-
stantly (Fig 6C) Blindfolding was induspensible sn order nnt to hase thednarg

ons ehoted smmediately upon contact between the beak and e surface

reacts
of the water
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NOSTRILS A
RESY UNDER
WATER
A § e

¥ig 7 Resprrauon (upper triang

wspuation upwa ds) and heart rate

BEAK B
flower tracing} before dusmg and AGAINST L -
fer water tumersion of head of BOTTOM [
duck  Ophthalmie mnnervation of |

beak and pasal cawity compl tely
svered Bundfolded Duck conten
ud dnang for 20 sec after emer

Son 0 see
About 30 sec. betwe n A 2nd B

When the nervous supply of ophthalmic ongin had been completely severed
by cutting the maws braneh of ram mediabs nast m additon to sam nasalis
wermus superior the same effects were obtamed as those shown n Tig 6 provided
the duck was blindfolded during the under water exposure This preparation
didnot Tequire such careful handling during the descent as the one just previous
1y described but also 1n this case would contact between the beak and the
bottom of the water pool mduce the dving charactersties (Fig 7) If the
“tmal was pulled gentlv out of the water at this point 1t smught continue
dnang for 1530 sec. An example 15 furnished 10 Fig 7B

Finally of only the mandibular nerves were cut leaving the rest of the
‘grminal e ation ntact 1t was sometimes possible to 1mmerse 1nto water
he part of the beak rostral to the nares without any change m resprration of
I rate However when the nostrils became submerged the diving charac

enscs usually appeared and upon ymmersion of the level of the eyes they
Wwere invarably ehicited

Discussion

Although the term duang refleves 1s occastonally encountered 1n the lterature
“nschatie authors hestate to we 1t The cautious attiude towards the
‘ntroduction of such 2 concept 1nto physiological 15 quite 1
9ue (0 our fack of knov ledge abaut the reflex arc itsell the nature of the sensory
CEplors in question and the adequate stmulus for theyr tnggenng

That physialogical adjustments take place m response to water ymmersion of
9vwng animal. has been known for almosta century but during the minety seven
34258 which have elapsed since the publication of Pt Berr s classical mono-
Eraph (1570) physwologists have exclusnely studied the diving charactenstics

PeF and theis efferent pathn av whereas the afferent side of the reflex arc

s been entirely neglected Ricwer (1899) working on ducks showed that
e vagus nenve 1s the efferent Lmb of the reflex are by demonstrating the
Shsence of the reactions to diving upon submersion of vagotomized and atrops
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nized birds His findings have later been confirmed i the alligator (Anprases
1961), the snake (MurpAuGH and Jacksox 1962) and the seal {Harnisox 1960,
Murpaver, Seasury and Mrrcuern 1961)

Huxiey s studses (1913a) on decercbrated ducks shoned that the apnoes
cherted by water immersion of the head 13 independent of Jugher levels of the
central nervous system, and the present anvestigation has shown that this i
true also for the errculatory ady to sul as d d by the
appearance of marked bradycardia in response to immersion of the head of
such preparations into water Taken together these findings exclude the necessity
of cortical or thalamic sntegration of the sensory information inducing the
thving characterssties and mncorporate the  diving reflexes 1nto the group of
medullary reflexes The question still rematns however, whether the respiratory
and arculatory adjustments arc chated independently, or whether the ar
culatory are secondary to the respiratory

The present mvestigation has also shown that the nenvous 1mpulses which

gverise to the ehiotation of the  dning reflexes are mediated by the tngeminal
nerve, more specifically, by the dibular and especally the ophthal
portions the maxillary nerve apparently bemng of little or no importance
an ths respect Tt may scem puzzling that nervous impulse traffic i branches of
the ophthalmic nerve other than those mnervating the nostnls and the nasal
cawity as well as the mandibulary nene should play a role mn the ehenation of
the diving charactenistics fiowever 1t 1s 1n perfect agreement with two findingy
previously reported (Anpersen 1963) When the head of 1 duck was introduced
nto a phstic eylinder which was subsequently filled with water the reacuions
to drung would be wnduced as usually and the bird would muntan the
dising characteristics for 30—60 sec after the cylinder had been druned 9
that the nostrils were above the surfice of the water while the rest of thebeak
remained submerged Likewise the respiration hecame slow and shillow, and
the heart rate decreased markedly dunng descent already when only the part of
the beak rostral to the nares was immersed into water  The hitter finding ma),
however, as well be interpreted as conditioming to, or anucipion of divin®
and there 1s sndeed every veason to assume that the reactions to submergent®
are modified by actinty at hugher lesels of the central nervous system when the
latter santact Such influence on the basic reflex s obvious from the experiments
tn which the sensory pathway had been partly mterrupted (Figs 6 7) since ¥
was necestary to blindfold the birds in ovder to make them continue normal
resprration and carduc actiuty duning the period of under water exposur®
Lokewsse, cortieal influence 13 apparent from the expenments conducted 0;
ducks 1n which all tngemunal nerve supply to the beak ares hd been mf;;l
(Fig 4) Here the duck endured water unmersion of the head for 3 mmlk o
the respratory efforts ceased and the tnrd began strugghng \mm’;’ni; y‘ ;W
thythmically Itssinteresting to otwen e the banic difference in dining ;r(l.:{d i
of these two preparations When the dinang charactenstics were chcs
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the frmer for nstance due to contact between the beak and the nottom of
the water pool the duck displayed the quictness typical of a dising ammal
won submersion The latter to the contrary appeared very uncomfortable
ot panicky ke a terrestnal animal upon becoming aware of bemng
bmerged Tt 15 tempting to speculate that the sensory messages from the beak
"°gon normally mbubats the respiratory center m the divers and that this 15
2cemplished even 1f certam of the mmportant sensory pathways are mterrupted

€ thytbmic and violent struggling extubited by the birds completely de
Imed of this sensory mput to the central nervous system may consequently

'e been governed by the activty of the respiratory center the pertodicaty of
vhich the struggling efforts paralleled closely Striking 15 also the absence of

Yeardia under such circumstances

From the data presented n flus paper 1t may be concluded that the ar
Sltory sesponscs to dwang as well as the respiratory are wdependent of
186l of the central nervous system higher than the medulla Furthermore
U knowledge of the dwving ct have been ded to include the
ereat by of the reflex arc The latter may be summanzed as follows

TS0ry receptors ~ tngemunal nerve — medullary centers — vagus nene

Inthus scheme there 15 one porat which ought to be worked out next namely
e charactenstics of the sensory receptors for as long as we are entirely with-
out nformation about thewr nature and the adequate shmulus for their mggerng
te vltimate bags of the diving teflexes 1s stll beyond our understanding
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Stimulation of Glucose Uptake 1n the Rat Diaphragm by
Hydroxy-L-prolme and L-lysine
By

Borcar Borreprk and O7To Watass
Recened 4 December 1962

Abstract

Bonnresan B and O Waraas Stimulation of glucose uptake n the rat
disphragm by kydroxy Loproline and L-lyune Acta physol scand 193
58 274—284 — The influence of hydroxyproline lyninc and several
other amino acids on glucose uptake of rat daphragm in catro has
been invesugated  Hydroxyproline increased glucose uptake and
stimulated the tacorparation of glucose T8 into glucose G-phosphate
of the diaphragm  The cffect occurred at a concentration level of
110 *M—510 * N hydroxyproline in the medium At hugher
concentration of hy@roxyproline glucose uptake was decreased In
contrast to insulin hvdroxvproline did not promote glycogen synthe
=15 and did not surnulate mcorporation of glucose C'* into glycogen
When the diaphragm was incubated m a medium containimg bath
byvdroxyproline and insulin the insulin effect on glucose uptake was
depresed

Lviine increased glucose uptake of the diaphragm  but less than
tadroxyproline No sigmificant effect by any other single ammo
acds was foond Howover 2 mavare of 13 pawoad amms aoh
cach at 2 concentration of 110 ¢\ 10 1 10 2 M markedly de
pressed glucose uptake The mechanism of a posstle effect of hy
droxvproline on the membran  carmer syatem for glucose uptake so
muscle 1y discused Injection of fndroxvproline intrapentonealls o
110 exerted an haprrghyermic effect m the 1ntace rat

LArs etal 1958) 1t has been reported

oncentraion of 10 * \f striulsted

In a prelirnnary comununicaiion Ma
tly Bormorr (1951) ctpentd

that hydroxy Loproline and Lelysine ata c
glucose uptake by rat diaphragm m ntrs Recen

ame
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that some other natural ammo :cids augmented glucese uptake of rat dia
phragm while Trrrer and Beicermaw (1961) found a depression of glucase
vptahe in rat eprddymaal fat tissue by several amno aeds

The effect of hydroxyprohne lysine 1nd several other amino acids on glucase
uptake of the draph has been gated 1 the present work Ihdroyy
prolne was the most 1ctive amino aad i stimulating glucose uptake

Experimental

Male or female rats weighing 100100 g winch had been fasted 18~24 hours were
decapuated and bled before removal of the diaphragm & parr of cut hemidiaphragms
veighing 6090 mg were used 1n each expenment The tissue was weighed and soaked
0 Arebs Ringer phosphate medium pH 7 4 contaming D glucose at a concentration
of 140 mg/100 mi for 20 sin at 20 C The hemdiaphragws were thereupon blott d
(ransferred 10 small Warburg vessels contamning 1 ml of the same medmm and
cubated for 60 mun at 37 G Durmg the first 10 mun of the mcubation penod the ves
w08 were gased with 100 / ovygen In some experments sncubation was performed
3 hrebs-Runger hicarbonate medsum gassed with O fCO, (95 %5/5 %) One hem:
daphragen acted as a control while the other half wa. imeubated with the amino acid
added to the medjum Glucose uptake was determined by the glucose disappearance
7 bod with aid of ghicose oudase (Ht coET and Nxox 1957) The media rontaumng
00 ands were prepared by dissolving the amino acds m 100 mi of the stundard
:"td um to the desired concentration By measurement of pH of these media before
e after tncubation 1t was found that the change compared with the control media

ot exteed 005—0 1 umit of pH

argftgnatxon of glycogen from the draphragms was done by the method of WaLsas
mtal ALAAS (1950) and the glucose oxidase ruethod used for the determmation The
“a!a value of glycogen was determiped on one third of each hemichaphragm which

1 emoved prior to ncubaten

7 expenments with Qi Tabeled glucose the diaphragms were soaked in hrebs-Ringer

P oxé:h;(c medium contumng 215 mg/100 ml non radioacuve glucose for 20 rua at
' heubation was performed 1 an ydentcal medium to which had been added
4m,:. ﬂlcd glucose diluted to a specific actvaty of 10 pc/mg  After incubation for
man (; 37 G the diaphragms were extracted with 1 mJ 60 per cent ethanol for 30
T ad centnifuged Reextrattion with 1 ml 60 per cent ethanol was done twice
muf:l:bmed Supernatants were punfied bv paper chromatngraphy and high voltage
whoPhoreus on paper A complete descrption of this procedure has been gnen else

re (WALAAS ot al 1963)
r“"‘nt";l eXpcriments were performed on male rats weighing 250 ¢ After 24 hours
prol rfe dc rats were myected intrapentoneally with diffesent concentravons of hydroxy
ey &l:u;htd w 05 ml Krebs Runger bicarbonate medium pH 7 4 Blond samnles
o o from the tail immediately before 1pjection and at intennal dunng the first
Nunger b: Lnomcuon of hydroxypraline Gontsol rars were mpected with 0 5 ml hrebs
et rbonate medium Blood slucose was determyned by the glucase ovudase
u’r‘}“ L-aming acids used were derved from N 1 P Is C,

cland Ohig Crystalline snsuhn was obtained from Allen and Handbury s Ltd and

fi
c’:’; puannmh Drug Houses Ltd Glucase oudage was a product of the Sigma Chemical
y
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Table ¥ The influence of hydroxyproline and Iysine on glucose uptabe of 1at drapheogm.
Experimental conditions deseribed 1n the procedure

Amna acid added | Molar No of | Glucose uptake P
f,;":f:: m”‘m‘ ’u" Control | With Duffer
amino ente
aad
mglg wet tisuefhour

L-hydroxyproline | 510 4 36 415 +050 | <000
Lhydroxyprolne | 1104 7 360 440 +080 | <000
L-hydroyproline | 510 20 405 49 +090 | <000
Lehydroxyprotine | 110~ 12 400 515 +115 | <o
L-hydroxyproline 1101 4 430 380 ~050 | <00
LAlysine 310- 4 2170 28 +015 | ~02
Liyune 530—4 20 3325 380 405> | <0001
Lrlysne 110 16 280 350 +070 [ <00
Lelysine 310— 8 27> 260 ~015 | ~03
L-tysine 510— 9 33 300 ~035 | <00
L-lysine 810~ 3 330 26> — 06> -
nsulin 01U/ml 4 335 48> ~130 | <000}
o additon - 10 305 310 - 003 -

* Significance of comtrol groups versus amuno aad groups,

Table I The effect of hydroxsproline on glycogen swmthesis of rat diaphragm durng sneuboton
m a glucosr contarung medwm  Standard experimertal conditions

“e. of exp. Glycogen aynthesis P
Control 110~ D flcrence
hvdroxvprol ne

mg g wet ussue/hour

00

8 155 I t20 ’ —-035

1 Significance of control grovp sersu hydroxyproline group

Resalts

)
From Table T 1t 13 scen that hydroxyproline as well as lysine ugmﬁa"'"'
sumulated glucose uptake by the diaphragm In accordance with our pm:':n
report maximal effect by these amino acids was obtained at 2 ccn(mff""
of the amino acids of 1 10 * M 1n the medium The effect of h,droxn;"
was sigmificant dovwn to a concentrason of 510 * \f while [ysne '“ vecen
active and she effect appeared 1n 3 MOTE NATTOW CONCEALALON FANEE :-—um
1107 M and 5107 \{ At higher concentranons both thee two
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Teble U The influrnce of hydroypraline and wsulin on the wncorparation of glucose CH¥ nta
ghuase 6 P of rat diaphragm

Test substance No of | Total radioactivity P
P Control Test Difference
substanee
added
cpm/100 mg wet tissuc

210 M hydroxyprol ne 4 130 278 + 148 <007
510~ A hydroyproline 5 193 136 — 57 <00l
Ol unit st 5 210 372 + 167 <002

* Hydroxyprol ne not present during the 20 min soaking period Incubation with hydroxy
proline for 4 min

* Hydrovyprole present in the medrm durng the 20 mun soaking penod as well as dur
g the 1 rmun meubation period

Insulin present m the medwum dunng the 20 min sosk ng period as well as dunng the
Lrun incubation period,

$ guificance of control groups versus hydrovyprol ne and wsuln groups

7;,,,,k T snfluence of fydrovs proline and nsulin on the corporation of glucose C1¥ nto
cogen of rat diaphragm

Te
&t substance No of | Total rad oactivity Spec fic activity P
“P [Con [Test |Dffer [Con [Test |Differ
trol sub ence |trol sub-  |ence
stance | Per stance
added | cent added
cpm/100 mg wet ti sue [ cpm/mg glycogen
St
,,‘“m“ hydroxyprolne | 5 | 1980 | 2330 {+ 17 [ 247 [ 521 [+75[~ o2
msubn 5 449 936 [+ 108 | 38 86 | +48| <005
Afiet an
vy cubation perod of 4 mun

St bation for 1 min
Enficance of control groups versus hydroxyproline and insulin groups

and;
llp\;l‘:x;; ‘:: dar slight anhbition of glucose uptake The simulation of glucose

™ phosphat oXyproline and by lysine could be demonstrated by mcubation
oflect exery ‘;35 well as 1n bicarbonate medium The mavmal stimulating
mgmmdte by hydroxyproline on glucose uptake 1s of the same order of
tragt 1o lheas that obtamned with msulin 1n our laboratory However, m con
haphagm marked stunulating effect of msuln on glycogen synthess m the
T hydron, any\such effect by hydroxyproline was absent As shown n Table
theag of g F2OUmE t @ concentration of 1 10~ M shghtly mhibated the syn
Ycogen in companison with the normal control
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Table ¥ The influence of hydr proline 4+ insulin 1t Ty added to the incubation
medium on glucose uttake of rat digphragm

Addiuons Ne.of Glucose uptake
il Control Test Difference
substance

mglg wet tussue/hour

01 U/ml msulin 4 355 48, +130
110~ M hydroxyproline 2 400 515 15
21074M hydroxyproline # 01 Ujml

smsulin z 280 360 + 020
610~ hydroxyprolne + 01 Ufml

snsulin? 4 36 50, +040
1107\ hydroxyproline + 01 Ujml

msulin 4 360 400 +040

* Staustical signuficance
hydroxyproline + insultn versus snsulm | < 001
hydroxyproline + msulin, sersus hydrovyprobne P < 00)

These findings were further corroborated 1 expenments where Ct fabieled
glucose had been added 1o the ncubanon medium As shown m Table u
sdroxvproline at a concentration of 510 ¢ M increased the total radi-
1ty in glucose-G-phosphate which can be explained by an increased turn
-over of glucose in the hexolanase reacuon The same effect has been demon
strated by addion of nsulin Turthermore wt has been observed that n
preliminary soaking with hydroxyprohine for 20 min at 20 C prior 1o 1ncuba
tion the incorporation of glucase Ci* into G 6P was anlubited Thus may be
explained by an accumulation of hydroxyproline 1n the diaphragm duning the
preincubation penod reaching a level where 1n anlabatory effect on glucose
uptake takes place There way 2 difference between the effect of hydroty
proline and nsubin on incorporation of G4 labeled glucose into glycoren
(Table IV} Inwbn increased the total radioactnaty as well as the speaific
actiaty of glycogen 1In contrast the mean walues of these fijures were onh
slightly 1ncreased by hyvdroxyproline and not at a significant level
In further experiments the possibility of an addiuse effect ufh)dmxyprulm;
and msulin on glucose uptake was imvestgated Insulin ar a eoncentratin f~
01 Ulml which gives maxumal effect was added to the mn{mm mnl.\lr‘l:}
h)quprohn: at actiye concentrations As shown in Table ¥ no t\ld"’:ﬂI
an 2ddmne effect was obtaned On the contrary the insuhn effect M:lﬂ“‘ﬂ
1shed ard glucose uptake was sorewhat lwer than that olnerved when
hydrorprohine or nsulin alone were present in the medum
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alaln

BLUCOST UPTAKE
o

5 0 15 g/10e 1
CORCENTRATION OF €A  AWIKD 4zl
Fig 1 The mhub top of glucose uptake of rat dsaphragm by a muxture of amno acids w the
cubation medium

¢ following amuno acds were added L-alamme L-argmme L-cysteuic
Lhsudme Licucne Losolencine. L Tysin L-phenylal: Lth L

tyzosme and Lesalme Each armupo acd was added at the concentrat on
{00 mt) shown o

n the abscissa The horizontal bars above and below each pomt indicate
‘e standard deviations
arae 1
0
A/ \
[ /
200
g .
5 5l /:_/—‘ \
H o
g %
3 o — 9
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T
ks b D)
Fig 2 1y

4 wnfluence of hydroxyproline injected wntrape ttoneally nto rats on the blood
Rscone level
£7"® Controls njected with 05 mt K ebs Runger b carbonat

3 000"

3 mg hyd oxyprolinefg at u jected
I——u ogy S 0 oUpinE e
Y 0O 0042 » » » »
A 024 » » »
SR 046 W » »  o»

Insumlar experiments with mixtures of lysine and ansubin the same tendency
%23 observed However the differences were not as marhed as with hydroxy
Proline and could not be considered as fully sigmificant
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In addinon to hydroxyproline and lysine the influence of several other
natural ammo acids on glucose uptake were studied separately No sigmficant
stmulation was observed by the follosang single ammo acids at a concentra
ton of 110-*\M L.al L- Lecysteine, Lgl acad, glycine
L-hisudine, L-leuone L-methionine Leproline Leserine Letryptophan Some
of these amino acids tended to give a shight although insignificant depresuion
of glucose uptake Therefore, ex; were perfe d where the du
phragm was bated 1n a2 med a muxture of 13 amino aads
each at concentrations of 0 25—15 mg/100 m! (Fig 1) In these expersments
an miubition of glucese uptake was observed with increasing concentration of
the ammo acids in the medium Thus when each single amuno aad in the
mixture was present at a concentration of 17 mgf100 m! (1 ¢ approumately
11072 M) the glucose uptake was reduced by 75 per cent

The possible effect of the hydroxyprohne level in blood plasma on carbo-
hydrate utiization 12 z1re was studied by deterrmination of blood sugar after
injection of hydroxyproline in fasted rats It was observed that hydroxy profine
caused an increase of the blood sugar Ievel {(Fig 2) which reached a maximum
90—120 mun after the injecuon Tius effect was obtained vath rather high
doses of hydroxyproline In expenments with smaller doses corresponding to
the normal concentration range 1n plasma the hyperglycemic effect was ab-
sent Howeuver, hydroxyproline never produced hypoglycemia

Discossion

From the results reported it 1s apparent that the stimulanng cffect by hydroy
proline as well as by lysine on glucose uptake 1n the draphragm occur at 3
certan concentranion range of these amuino acids i the mcubation medium.
Hydrocyproline at a concentration of 1 10 * M has a maximal eflect but 1
still actine at a concentration of 510 * M The sumulaung effect of [ysne
oceurs 1n the more narrow concentration interval of 510 ¢ A to 1 10 * ¥
At concentration above 110 * \f hydroxyproline as well as fysinc exert weak
shwtutors effects Depression of glucose uptake by other ammo acids has abo

been d d tn the antab which i when the medium con
rained a muxture of seseral amino acids at a tota]l concentration abme
13030

The somewhat different results reported by different workers concerming
the effects of amino acids on glucose uptake can be explained by the obsend
uons reported above TEL1ER and Beicrisan (1961) observed an .nl.bx;lm
ose uptake 1n rat eprdidymal fat uue by several amino acady suc -‘}
e aad levane 1soleuane and lyune at concentratiors ©
01 \ Thi effect was diminnsfied at fower mncmtrxmml
orr (1961) hydroxyproline and fysne were anly 103 £
D *\{ where no sumulating effert can be expected

of gluc
argimne gluta
110 8 M—11
In the work by Bours
at a concentration of 11
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In contrast to our results 2 s;igmificant stmulation of glucose uptake by alanine
feuetne and ssoleucine was observed This may be due to different strans and
3 different diet of the rats which may affect the influence of amind acrd con
centration on glucose uptake Undoubtedly it 1s necessary to test each individu
al amtno acid at several different concentrations such as has been done with
hydroxyprolme and lysine m the present work

Marcuester and Y oune (1959) did not observe any whibitory effect by
muxtures of ammo acid on glucose uptake such as has been reported here
In ther experiments the concentration of each amino acid was rather high
10 mg/100 m! The fact that methiomne was omtted m ther mixture can
hardly explain the different results and we have no explanation for this dis
crepancy

It now seems fairly well established that the most ymportant rate hmting
factor for glucose uptake into muscle 1s the transport of glucose across the ccll
membrane structure which 15 under hormonal control by msulin (Levine and
Gowostemy 1955, hevis 1959, Morcan #fal 1959) However in spitc of ex
tensive work 1 this field very little 1s known of the mechamism of the mem
brane transport and the action of msulin thereupon at the molecular level
The report by howo and Cotowick (1961) that uncouplers such as 24
@mutrophencl and SH anhibitors such as p hyd: ) stimulte
Sugar membrane transport 1n the diaphragm 1s of interest in this conncction

H)’dro‘(ypralxne at the concentration range described in some respect s
2% insuln hke effect on rat diaphragm The extent of the sumulating effect
ot ghicose uptake as well as the mcreased incorporation of glucose G nto
glucose 6 phosphate correspands to that observed with insulin Hyddroxyproline
Probably acts on the glucose penetration mechanism as does sneulin [he ol
Stnaton that hydroxyproline depresses the stimulating action of snwlin on
glucose uptake supports the p that hydraxyprolne competes with
i for structyral elements of the membrane trnsport system On the
other hand, hydroxyprohine has no stmulating effect on glycopen aytihesls

 3ame has been reported for other amino actds whi b e stlmul 1ie plucene
Uplake (Borrvgen 1961) According to Larnier Varrauwslaras s Rt
HAN {1960) the sumulaung effect of smsulin on plyce pen synthesiv may 1o n
*PeCHfic insubin effect probably asoesated with sn activation «f the UDI)
Pathway (Larver 1960) and drstinet from the mmsnl eflect on the plugere
MtMbrane transport mechamsm

From the results of the present work 1 ecnaderation «f the role o hydioey
Prohng and particalarly the siprficance of the OF group oF this aminn weld
o glucose uptake in the diaphragm s of interest Av sl wn b thie exjieid
MeRtal part proline enmpletely lacks the stimulating efleet alnerved with
hdroxy proline T 15 well kewswn that bydeoeypree fine i altent eacduslyely o
Ontituent of collagen whick contairs 15 per cent hydureygroling Ceapeent
1 localized 1n the grotnd sutatance ¢ f cenpretive atd uther s 10l ol
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wterest that Kovo and Cotowier (1961) have isolated membranlike strue
tures from skeletal musele contashing collagen Thus, on a dry weight bawy
this membrane preparation contained 6 9, protein, most of which was collagen

According to Gusravsov (1926), the OH groups tn hydroxyprohine play an
smportant role in determining the stability and general reactinity of collagen
Gusravsos (1938) has produced evidence for the formation of interchain
hydrogen bonds between OH groups in hydroxyproline and the earbomy!
oxygen of an adjacent helical peptide umt These 1y pes of bonds in the eollaatn
of muscle membrane structures may be of smportance for regulation of the
membrane transport process This 1s 1n accordance with the hypothests ad
vanced by STE and Danizins (1926) that facilitated diffusion through hning
membranes may accur by aid of a hydrogen bonding component

The effect of hydroxyproline on sugar uptake of rat diaphragm cannot be
explained by incorporauon of hydroxyproline in the membrane collagen by 2
process of protein synthesis [rom expenments on intact ammals it 1s known
that ssotoprcally labeled hydroxyproline is not incorporated nto hody proteirs
(SreTTEN 1919) but rapidly metabolized 10 the ser (WotF and Leax 1956)
From the work by Grees and Lowriser (1959) 1t s known that hydron
proline 1s readily taken up by ussue shces and even concentrated within the
cell By a mechanusm similar to that described for collagen OH groups of
hydroxyproline taken up into muscle ussue may form hydrogen bonds with

membrane and thereby anfl the rate of sugar transport Iy 2
~ carner complex
In seeking an expl for the 1 effect of lysine on glucene

,,U‘Plakc in the dapbragm the possibility of the formation of complexes of
glucose with Iysine was investgated It s well known that the “browning res
tion 15 due 10 mteracion of @ NH, and ¢ \NH, groups of Jysime with glucr®
(Lea and HansAN 1900 Gotscuary and Partriner 19,0 Micuests and
Reeuer 1956 Forr 1956 1rwix [957) Terminal SH, groups of protens alw
react with glucose (SCHWARTZ and L2a 192 Mionrery and hieser 1940
Therefure 1n some expeniments the diaphragm was incubated 10 3 medium
contaming lysine — radioactive glucose Ct and incubated as wsual Sulnc
quently the diaphiragm was extracted with 60 per cent ethanol and the 8
tract subjected to two-d 1 paper chr graphy However theradir
autographs were completely negatve concerming, the formation of radioactine
Jabeled complexes 1n the presence of fysine Simufar expersments with hydroes
proline 2l gave negatve results -

The observauon of the sumulaung effect by plasma dualysate 03 R;‘ln
uptake 10 the diaphragm (Haavatosrs and Warass 19,7} confirme e
Gyepor (1960; smtsated the work here presented We have not lr'ﬂb:m
howerer to ascnbe this effect o the pretence of hydroxyproline m'(;m i

Tie concentrauon of plasma bydroxyproline 1 rather low {01 m2

1 rat (Wiss 1919) a3 well as 10 human blood plasma (Oyr 196!

2) under fats &
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coedimns Ths corresponds to a concentration of h droxvprolirs where ro
ezt on glacose uptake could be cxpected 12 ~utro The total amin- zed com
cemtanon m blood plasma under fasting condions amovnts to 2350 mz
F0 el b1 our 1 30 experiments 2 rurcture of amino 2ads at t.. .2t co-
‘=tzann gave hght mhibiuen of glucose uptake

Wien bvdroxvproline was mjected m -1 mto rats, no evidenee of ary
Epogtcemuc effect by hydroxvproline was observed On the cortrar 1mc-
trzcf0 043 mg hydrowproline per g rat which b equilibrzarn 1 the wz e
e of the body increases the hsdroxsprolme level to 2 me 100 =t s ¢
aprrmmatels 1104 M) produced hvpergh cemua. Thas bypargh cemme effeee
=7 ke due to merabolic comversion of hvdroxvproline in the Irer The com-
veunn of b line to aspartic ard glutamc 2ad  elzmne Worr z~d
Lesx 1905} and ghcoren (Hess and Sxarrmas 1951) e2n oomoibu ¢ 9 tre
Lraten of plocase-6-phosphate with wicreased sogar output. A secord pos-
AT 5 that the bvpergheemuc cffect 1s due to depresuaz of toe wsula

et ac the wptake of glicese m the penpheral pssue 23 kas been shewn o
0 m tha work

cﬁ:}mkmmwhﬂahn Nerde Ionliz Fimd and fores Thr \rwesas
el § v Sy

Ceces 2ad the Hamasmes,
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¥From the Department of Anatomy Untversity of Helsnke
Saltavuorenpenger Helsinks Finland

Histoch 1D

ration of Fluorogenic Amunes in
the Cytoplasm of Sympathetic Ganglion Cells of the Rat
By
Oravi Eraxgd and Marrt Harnorex

Sympathetic gangha are known ta contan catecholamunes predomunantly
poradrenabine (Euter 1947 Voor 1924) However, htle 1s known of the distn
Bution of these amines within the ganglon In a study mamly deahng with the
penpheral sympathetic structures Favek (1962) briefly stated that a varying
number of ganglion cells in adrenergic gangha show a postive hstochemseal
feattion for noradrenahing in the cytoplasm and m the larger processes We are
ot aware of any other study sn this subject

Forrmalin induced fiucrescence has fong been used for hustochermucal demaenstration
of poradrenalinecontatning chromaffin cells (Eraxxo 1955) Oaly recemtly st was ob-
served independ, m3 that dry dehyde vapour couverts several
AMines into strongly fl ds whose dustnb w fr dried sections
a1 be studied by fluorescence microscopy (ERano 1961 1963 Fasck and Tors 1961
Fascx 1962 Lacusorr Psintses and Besorrr 1961) The present report deals wath
the supenor cervicat ganglion of the rat 1n which noradrenaline can be expected 10 be
e main fuorogeme amine Fresh gangha were frozen and dned at — 40 C Freeze
dned tisue was exposed to dry formaldehyde vapous before or afier embedding
Paraffin wax and sectionng (for detads sce Eravko 1963)

A green fluorescence was observed 1n the cytoplasm of all ganglion cells and
*n nerve fibres between them (Fig 1) The fluorescence mrensity vaned from
ane cell ta another ranging from weak to strong through mntermedsate stages
A diffuse <y toplasmc fusrescence was seen in all nerve cells but 1n addition

taat bnll & smat} les were obsersed s the cytoplasm of
m2ny cells and 1n the fibres between the cells In cells whose axons wese siuble
m the section the view d of the g {es from the cytoplasm

to the axon {Fig 2) Especially near bundles of nerve fibres occasonal smatl
&ells extubited an extremely bright yellow flucrescence These cells were very
few and apparently they were not nerve cells Ganglia taken from rats whose
atechalamine stores had been depleted with large doses of reserpine were es-
seatially non fluerescent

The obscrvatons desenbed suggest (1) that sympathetse ganglon eells manu
facture and store 1. 6 the cytop (2) thas the hot
content greatly varies w wdividual cells (3) that a part of the
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Fig 3 Formakchyde induced fiuorscence n the spemor ccsyical anglon of he at, ot
great variatons in the fluorescence mtennty of indiadual cells Siemens |; BBO 700 5t u
filters BG 12 and OC 1 Seale mark 1007 ementamp

Fig ? Cells from 1} € same speesmen Brsghtly Nuorescent granules are w1 itle n the & M iely
fluorescent e toplaym and along the ason ariginatng fram ¢ Seale mark 10 s

catecholamine1sin a soluble form while another partis concentrated sn g ranules
and (4) that these granules migrate from the cytoplasm to the avon
Thesc tentative conclusions which should be tested by other methods such
15 electron microscopy and analysis of cytoplasmic gramule fractions fit well
with the recent obsenauons which indicate that noradrenaline 1s partly
tuble partly bound in granules in sympathetic nerves and tn adreneric nene
triunals (Evier and Hiteage 1956 Faren 1962
Thas study | a3 been supperted by granes from the S grid Ju el Foundat on Helunks and
from the Natnal Tnsumte of Arthritis and Metabolic Ducases £ S Tyblic Health Seraee

v 1725
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From the Institute of Hygiene harolmska Institutet and the Department of General

Hygiene Nationat Institute of Public Health Stockholm, Sweden

Studses on SO, NO and NH, Effect on Ciliary Activity

1n Rabbit Trachea of Single 1n Vitro Exposure
and Resorption m Rabbit Nasal Cavity
By
Tore Darnssy and Jan Sjonory
Rece ved 27 November 1967

Abstract

Dawnaes T and ) Sjorowst Studees on SO, VO, and NH, effect
on cihary actitity in rabbut trackeq of stngle in vilro exposure and resorphion i
rabbit nasal cazsyy Acta physiol scand 1963 58 287—291 — One of
the factors which determune the toxicity of pulmonary irritant gases

etc  presumably 15 therr action on the cihated epithebum of the
respiratory wract, The degree to which such gases are resorbed 1n the
mucous layer of the respiratory passages must abo be taken imto ac

count when hygrenic hmits and allied questions are discused The
present paper illustrates these two factors viz - ailiostatic action and
resorpyion by expersments with three common respiratory irmizane
gases  sulphur dicade mirogen dioade and ammonta As regards
concentration required to arrest tracheal ihany actwity i titre the
three gases vared c bly The degree of 1 the upper
respiratory fract also shoy ed wide varations It seems probable that
a gas which even 1 low concentration raprdly tmpa  ciliaty actvaty
and which 18 resorbed to a relats ely 2l ght degree ean penetrate decper
1nto the bronchial tree and thus on the stated assumptions be more
toxic than gases with the reverse characteristics

In judging the influence of gases an the cihated epithelium of the respiratory
tract knowledge of theit resorption 1n the upper passages 1s hughly umportant
This resorption 1s dependent upon many chemacal and physical facrors whach

19-—623015 Acta physiol scand Vol 58
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GAS CONCENTRATION
l}:g\“:" Fffect of various eoncentrations of SO NO, and NH on tracheal aliary actmaty
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Fig 2 Retorpuon of anous concentrations of $0, NO and NH in rabbnt nassl eavity

are outude the scope of the present paper As the secretion s the nasal enaty
and bronchs contains approumately 3 per cent muan 2 per cent salts and a3
per cent water presurmably ene of the decisive factors in resorpion of gawt
35 thetr solubihity 1n water

In this paper some earhicr observanons concerming, resorption of sulphut
dowde and ammoraa ate presented along with result of analogous expermer
with mtrogen diomde (Danitases and STrasorran 1961 Dastasy 1%
Ssudies of the effect of NO, on tracheal ahary acuvty are alio reported ¢
gether with corrapondirg earher findingy on S0, and \H,
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Table I Resorption of varwus concentrations of SO NO and NHj in rabbul nasal carity

289

Radh ¢ no Gas (mgl) | Resorpuon () afrer
|15 mun 30 mun 43 men
1 50 104 9% 96 %
2 106 96 % %
3 119 97 97 97
4 119 9 91 88
5 121 97 97 %
b 161 9% % 9%
7 178 9t 96 9%
8 180 9 98 %6
9 200 98 98 97
10 206 9 94 93
1 290 92 92 9
12 293 93 91 st
13 299 92 91 87
14 304 9 % 91
15 318 2 87 8
1 N§o 24 70 56 62
2 47 57 52 51
3 7 7 67 55
4 86 49 53 18
5 1% 57 54 a7
6 164 12 39 34
7 13 63 o 60
8 184 47 123 38
9 232 24 47 48
10 246 46 78 78
11 260 60 4 3
12 412 30 +# 42
1 MH 2203 - - 9t
2 2910 - - 9
3 192 - ~ 9
4 2620 - - 93
5 1938 - - 96
§ 2,286 - - %

A Effct of Stmgle m Vitro Exposure 10 S0, MO, and AH, on Cihiary

Actirity tn Robbut Trachea

Teckmque The exciscd trachea was opened by longutudinal ancwion and was placed
n 3 chamber with 100 per cent relatne humidity and terperature 37 C From a gas-
muxing apparatus (DAtstascey 1956 and §962) which supplied a constant concentration

the gas and air muxture Wwas 10 a wash boule

g a small amount of

water The bottle stood 1n the chamber so that the gas mixture was warmed and mots
tened before it was blown throtgh an outflow tube over the trachea at a rate of about one.
Litre per rinute The exposusc tume was 20 min for \H; and \O, and 30 rmun for SO,
At each experiment the concentration of gas i the outflow tube was determined
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The results are gnven in Tig 1 where cach dot represents one ammal i
shows that cach of the gases used requires widely sarying concentrations 1o
causc arrest of aihary activty durng for instance 5 mm cxposwte 1he re
quired concentration was 500—1,000 mg/l for NH, 150—200 mg/l for NO,
and 20—30 mg/l only for SO,

B Studies on the Resorptional Copocty of Rabbit Masal Caruty wsth
Respect 1o SOy NO, and NI,

Techmque The trachea of hving anesthetized rabbit was exposed and was cut com
pletely across A glass tube was passed 1nto the cranial portion of the trachea there way
10 air leak between the cannula and the tracheal wall The caudal end of the trachea
was free The rabbit s jaws were closed and sts head was placed sn a chamber with a
constant concentration of gas The gas mixture was sucked continuously through th
cannula for 45 min at a rate of 1 btre per minute Analvses of the gas thae had pased
through the nose were made afier 15 30 and 45 min 1n the experiments with SO, and
NO, Analyss of \NH, was made only after 45 min This was because very lugh concen
trations of \H, had to be used 1n the chamber before the gas became at all demonstrabt
after passage through the nose For the same reason the experiments with N, were
mainly confined to one concentration regon

The results are given tn g 2 and sn Table I SO, and NH, show a strony
tendency of resorption also at high concentrations Considerallyv diserging i
NO, which even at the lowest concentration 24 my/l 1s resorbed to 1 lower
degree than the other two gases at considerbly higher concentranons Further
more 1t 15 remarhabile that the resorpuon capacity of the murosa docs not show

2any obvious decrease duning the 4s mun exposure to SO, wnd \O,

Discussion and Summary

The effects of irritating gases and vapours on the respiratory epithelium ean
be manifold One of the most important reactions would seem to be that of the
influence of the ahiany activity At any given concentration of gas b mever
13 to be expected that the effect on the alia will decrease as the g v penetratal
down o the respiratory pawages A proportion will hue been resorbed
mamnly in the nasal cavity The toxic action of L1ses and vapaurs would thi
scem to be parthy dependent upen thewr rearption wa the upper rapurat kil
mf;;u: method 13 comparatnely simple and 1 not intended th gnne accurate

quanutamc results Its mam purpose i to demonstrate ditinet differences Ie

iween the relevant propertics of different pases

V‘Lu shesr abnligy to cause asrest of cihiary actiaty after € g 2 mun of exprmt 17

the 3 gases vaned widely The required approximate concentration wis AN

llDUJm-")for\H, 150 1o 200 mz ! for VO, and 2010 30 m 107 %, Ttee
2

s .
ults correspond well with those found by Cxatryy (417 Unn, 3 amwisd
Tes
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method he has found that NH; requires 500 mg/l \O, 100 mg ! and 50,
30 magfl to stop the abary actity

In the studies on resorption 1t was deswrable for technical reasons that at
Ieastc 3—10 per cent of the orginal gas concentration should still be detecuble
after passage through the rabbst s nose It was therefore necessary to begin wath
Iow gas concentrations which were gradually increased untl the 5—10 per
cent or hugher residue was obtamed Each of these experiments was done on
separate animals For example the concentration of NHj had to be ratsed to
about?OOOmg/l 1n order to avord total resorpuon More than 90 per cent of
thss gas was resorbed m all evperiments using concentrations around 2 000 to
3000mg/t SO, 1 concentrations of 100 to 300 mg/fl was resorbed to the hugh
lesclof 83 to 92 per cent In marked contrast to these high degrees of resorption
were the values for NO, The approumate concentrations in the expenments
were 20 to 400 mgjl Resorption was less (31 to 78 per cent) than for SO, and
NH; even when the lowest mtial concentrations were used

The resorptional capaaty of the nose for SO, and NO, seemed to be almost
winfluenced by the tume factor up to 45 mn

Tt was thus demonstrated that the studied gases differed as to concentration
at which alary actity was sfopped They also differed wath respect to re
sorption 1 the nasal cavity of rabbats

The observations do not permut precise conclustons concerning the toxicity
of these gases It seems probable however that a gas which rapidlv affects
dbary actvity 1 low concentrations and 1s relatively hitle resorbed n the
nasal cavaty will be more toxic than a gas which 1s largely resorbed 1n the nose
and has httle nfluence on the cilia The method outhned 1n this paper may be
suitable for coarse screemng of gases and vapours concernng their effect on
ahary actity in the trachea and resorpuion m the nose
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Erom o bostu of Y0 U P Lrsen v of Gorrbarm Dotk

The Permeahility of Capillaries 1n Varsous Organs
as Determuned by Use of
the ‘Indicator Diffusion® Method
i

Citrtirian (2osr

Ret o | Deremowr |

Abatract

Caonr € The permet v of ~3TIEE KR £ o33 erpor &b Coirr
et bt Vg [ A e D€ metad A ptamol sand
13 52 272 4, — Tie theon of a mrele wprcton techoqe
e Iadicator D funon mettvad (e guanutan ¢ studses of camillamy
prmmablity o developed Tt 1 shown that the prrmeatalts of 8
€3 uan 87ra <an be exprened by three parametens (e anital
Aatacton (£ of test sulntances added 11 3 werle arjection 1o
e blued flowirz ¢ an organ, the blood flow () and the surface
arra 4 of @ can lane Tle rquaton relating Owese frurn
n P (O log,! 1—F  The prrmeabiln corfiarnu of
cxndlane 19 iines Iver lung bram and hnd mb 10 1mula
amd sucroar are prported. It found that the prmeablin of
carlanes vanes connderably from omtan to argan. It as quesuoned
whether tte pore model adequatel  desenbes the functional char
acterstia of th camilana in the rruscles The exstence of pores
should result in & promounced doviation of the £a 1 berween o
prrewatiin codfFarnas for sacrose and ulin from ge rato
bertween the free d Tunon coc™aentt. This was pot found to be
thr cav

One of the most important actimities of the vaseylar gyster occurs the
camilanes. Yet our Lnowledge about the membrane acros which the €x
change between Hood and antersutial fld takes place 15 scann While mam
Inalogieal s.ructures of Ve small size have been submatted to direct phvsiofozt
cal study n later vears the capillanes have not vet yielded to a direct :uuju
Thus our krowledre of the permeatulny charactenstics of the capillary w
has 51ill 10 be deduced fir m experiments on a mass of capllarses In the patt

P
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of capillary physiology dealing with permeability quantitastve studies have
been advanced considerably by Pappenheimer and hus coworkers in the last
decade (Paprexurneer 1953 Rennm and Paprexuenmr 1907) Thy arucle
1s concerned with such quanhtative studies and gives data for the permeabihty
of the capillanies to two polar non electrolytes (inuhn and sucrose} in bram
lung Iner Judney and hind himb

M of the permeability of capillames n sty amplies that the test
substances come 1n contact wath the capillary membrane In actual expen
ments difficulties anse from the fact that two processes occur almost sumul
taneously  the test substances mnyected are diuted 1n the blood and diffusion
occurs through the capillary wall An expenmental prnciple by which this
problem may be solved wis developed by Crvarp Vossurert and Exvs
(1929) and Axrrowissn and Crowe (1936) These authors made a smgle
jection 1nto an afferent artery of an organ of a diffusible test substance
together with a non diffusble reference substance which was assumed to
remain o the capillanes Immediately after the injection blood was rapidly
callected from the vern draining the organ. The concentration of the reference
substance 1n the individual saraples 15 & measure of the degree of dilution at
any tme The extent to which the of the d: ble sut s
Iess than the concentration of the reference substance 15 a measure of the
Toss of the test substance

The loss thus determned must bear some relation to the permeabihity of
the capillanes It was for some tume thought that the loss was a direct mndicator
of the permeatulity However this 1s not so for the loss 1s not proportional to
the perm bility coeffi of the capsll to the test sub N hel
11 possible to denve a sumple expresston for the relation between permeabilits
coefficient and the loss as shown below With thus type of analysss the Indicator
Diffusion method as the evpernmental approach will be called becomes
useful for cp g the physical of (lary h

Recent muestigations with the clectron microscope show  pronounced
morphologreal differences of the capillary walls 1n different organs (BExNETT
Lerr and Haseron 1959 Frorey 1961} This demonstration of thexr vanability
s bome out by the present work which gives evidence for differences 1n the
Permeabiity of capillaries in bramn lung lver kidney and the hind limbs
Tnulin and sucrose were chosen as test substances because they are mert easy

1o determme  do not penetrate the cells and are of appropniate molecular
size {145 and 440 \ radiws respectively)

Theory
Fig 1 shows a ume-concentration curve of the type obtained in the ex
Peniments The curve for the co of the test sul {¢ o) would

be 1dentical with that of the reference sybstance (¢} 1 there were no loss
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dunn., pusce theowh the capilianes The cune ¢, indicates the acnal
concentritinn of the test sulstancefs) and the fractional Joss 15 gnen by {60 —
G} e (A3 3t 18 impracueable 1o wyert equmolar quinunes of reference
and test sutntances the concentranons are expreved s frachy os of thote n
the salution ingected § While the intrw seular ecncentrtton 1s nang steeph
the rite of outward diffuuon s grentest When the concentravon 1s falhing
the net-dilfusion decreses The obsennttiony are made under condanens of
contnuous change and it 1 necessan to deaide which <amples can be used
for cstimatng, the 1werige matil extractidn Oal the nang part of the cune
11 consdered in theve caleulanons mvolving, 3 o samples from cach expent
ment
The snitial extraction (7 of 1 test whbstanee 1s not only dependent on the
permeabihity of the capillies but alor on the surfice 1ren of the capitlanes
and on the rite of blood flow

The permenlnhty (F) of 1 membrine 10 1 given sulstance 1s the amount
of subutanee which passes unt arer in umit time for unit concentration df
ference across the membraine Or expresed 1n symbaols

a1 0]
a t 1

A4S dt the amount of substance prssing the membrane i unit wme 13 detet
mined 18 @ v I ¢ where @ s the volume of blood pissing through on¢
gramme of tissue per second £ 1s the fricnaml reduction of the artenial con
centeation of the test substance dunng the comersion of artenal to yenous
blood {15 the surfice of the capillanies i one grimme of ussue  fe 15 the
aerige concentration difference across the capillary wall 2

The mam difficulty tn mesuring the permeabality of iniccessible bmk’gl(;)e
membranes 1s the determinition of fe An expression for Jc cn however

of
derned if certun approximations are made Dunng the imul rapud nise
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intracapillary concentration that outside is increastng comparatively slowly

The mean ¢ diffe {Ac) 15 therek d to be equal to
the mean llary The mean pillary con

can be expressed 1n terms of the concentration of the test substance at the
ilet ¢ and the of the test sul at the outlet ¢ The test
substance passes through the capillary wall passnely and the 100

therefore falls exponentially from the artenial to the venous end of the capillary
Thus the mean concentration 1s given by (¢ —¢ [{logec —1loge) E 15 by
defittion equal to (¢ —¢)fe By mserting m equaton (1) the following
relation 15 obtaned

Z 2 g 2
P=2xlg 1—f (2}

By means of this expression 1t 1s now possible to calculate the capiflary per
meability from data obtained by the Indicator Diffuston method The term
E 15 based on figures obtained from the experiments It 1s not practicable to
measure the tissue perfusion ) because the expeniments last less than a minute
2nd therefore values for this term were selected from the publications of other
workers The capillary surface area A was calculated from various anatomical

measurements of capillary density in dufferent ussues (see Appendix for further
detatls)

Experimental Technique

The expeniments were performed on mongrel dogs which were fasted overmght
\naesthesia was obtaned by mtravenous mjection of Sodium Pentobarbitone (Nem
butal) ¢ 25 gk A cannula was wserted 1nto the afferent vessel of the organ con
cemed without mterfering with the blood supply to the organ Another cannula fitted
fo 2 polythene catheter was mtroduced 1nto the efferent vessel just before the injection

© njection took 1—2 seconds and usually 2—5 ml of solution were used The out
flowing blood was collected m small heparinized glass tubes mounted on a slowly
moving hymograph (AssussEx and Nisisev 1952) Usually 03—05 ml blood was
collected 1n each sample The solution mjected contained Evans Blue Dye 1n amounts
between 2—5 mg depending on the dilution volume (greatest in cxperiments on lungs)
A solution of smulin or sucros was muxed with the dye solution When the test substance
Y a3 1nuhin sodium chloride was added to obtan 1sosmolanty An ahquot of the iyec
tion solution was diluted hepatinized blood taken from the animal immediately

fore the imyection This mixture was laer analyzed and thus the exact concentrations
1 the 1mgection solution were determined Immed ately afier the expenment the small
¥t tubes were stoppered with corks covered with paraffin wax and rotated gently
Th determinations of the concentration of the dye and of the test substances were
€amed out on blood rather than on plasma Thus 1t was unnecessary to use correction
factors to account for material lost 1n the erythrocytes

Deternunation of concentration of dye and of test substances
a} Erans Blue Dje 02 ml blood was diluted with 08 ml 09

sodmm chlonde
d and the n the

was d d by way of a
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P ax mum con entraton n arhiran!  calle) 0t me
Ihe Dwer partof 11 feure tow the extract m of inul o o separat sam les from three

expeniments.

apectrophotometer (Bexhkman mod 1 DL Semimicro cuvettes were wed becawse thr
amounts of supernatant wese smafl The cusettes were cleaned betwvern each geafing
as the rrmaning fluid after empying a semimuero anette s a large proportan of e
total volume

1) Inulin and sucrese were analyzed as desenbed by Bojrses (1937 [he solumes
ongnally groposed by fum were reduced ta one tenthy, and the hndralvns and colour
development took place s 2 mi glass ampoules the tys of which were sealed after
introduction of reagent and sampfe fouhn and sucrese added o blood s known
amounts were yecosered (0 9 8 and 97 0 prr cent sespeciivedy « ith standard deviations
of 0 5 mg/100 m! and 0 40 mg 100 m}

Calwlation and treatment of dita AR ¢oncentrations are expressed relapveh 1€
hat 1n cach sample 1s diided by that m the wyection fnd For each sample the
relative concentration of the test subsance 1 dinaded by that of ghe reference substance
g a walue between 0 and U By subtracung thu vatue from § the exraction ol‘l::
test substsnce mn that particulae sample ss obtamed The coeflicient of vanagon of th
final \alue 12 cstmated to be fess than 3
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Fig 3 Suro ¢ expersment on brain The upper part of the curve shows | me-Concentration curves for

3 Blue Dyeand for suc ose Evans Blue Dye O O sucrose ® e lower
Part of the figure sho vs the extraction of sucrose in separat samples from four diffrrent expen

Jouts The point 1 brackets represents a samiple 1 + huch the concentration of dye was very
Tow (extncrion < 0 100)

Results
U Bram

Tnulin The results of an experunent are gwven 1n fig 2 The curve for the
test substance and the reference substance fall closely together indicating
that the brain capliaries are highly wmpermeable to polysacchandes Three
©¥penments were done and the extraction of inulin 1n each sample 13 shown in
the lower part of Fig 2 The mean extraction was25% (S D 35 » = 8)

" o experiments on human subjects a mean extraction of 05 % was found
(the rest solution was myected 1 the common carotid arterv and cerchral
‘enous blood was collected from a necdle nserted 1n the bulb of the internal
Jugular ven)

Sucrose Simutlar results were obtaned with sucrose which 15 also a polr
molecule but much smaller than 1mubin Fig 3 shows that even such small

molecules are not lost appreciably from the blood during the passage through
the brain
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Fig 3 lio shaws the evtricun i the mdinidual samples The mean e
traction in the il phse ws 04°% (S D 10 7 - 8 Onc of the ex
periments was curried out i an ammal which had sustiped two penods o
severe anowt prosoked by mbalinon of pure nitrogen 1 15 min The ex
penment wis performed unmediately after the second period of anoxia
Contrary to what had been expected no change was observed in the extracion
of sucrose Histological examination showed swollen chromatolytic ganghon
cells in the cortex and n the basal ganghs These absenvations confirmed that
the brun had been severehy noxic

2 Audrey

Trris ¢f al (19a8) published an extensne senes of mesuganion
permeabulity of the remal (apillines to wnuln - Similar results were Ol
11 the experiment ustrated in Fu, 3 The hugh imnsa) Toss of saubn 15 followed
veny quickly By 1 falling extracuon and 4 net return occurs within a fev
seconds The mean extricuon an the two mnal samples was 731 of (the
Above mentioned authors found an averige Joss of 79 %)

s of the
bt uned



299

THE PERME \BILITY OF CAPILLARIES

(001 0 > uoHaUNN ) Aop A13A Sy P JO LOILHUIUE ayy Yat 4 ur saldw sisaadas P
swod g, Swn g PG ALais st %R O UONLILIONO0S INUIINTIR J0j LS Y, (13t 33s) uotejodenna &g puney s
AL 94403 LONEUaIUD i Ay o ditd BUISIE 2} U BUTI 5 LONDEAIXS AT, SIEdMIING a1 PP 30t wroy soduila v ut UL

30 swous amByy gy go yrud 1omo[ oy, @ ® upu O O Skt amgt suea] U aaund agi olut wonaafi 3 e wiay seday
oy Sundweg Grpnur pUE SA(E AN[F S\ 40) $3 I UOTLAUSIOD dut) Rmoys Dy oyt JO vd 3ddn 3L, sup uo il wpn) G S
o R o088
£ & Fis £ & & & X ¢ &~ 6 # E: f
§
| _ N T B | ,
< = !
—— X fl I m
; i
/rf,/.L e o m.
} ] _ |
- 3 I ~ :
, = -
{ ! 1 -
spuoses
% 174 o8 42 g b3 " F:4 3 ¢ 3 [ 7 Fis a, u
- _ —|1 - 58
n
_ 3
/-/‘/T / Y
- ‘ - ‘ ¥W\ ﬁ ‘ . m
NN o ]
——
-




30 CHRITIAY CRONF

t

[
g
$ ‘
A Fg € fed ¢ pomens m ferp The wnper
roo fart ¢l the £ gure ot umeconcentranon
- Qineshel ans PorDye andtmuln Evan
o e Comm () rutn @@
“ \ The arpdes were colincted from the fomorsd
& a1tery alirt inpTthnn into the e rnsl pugalar
S ~ vtun. The boner pan of the Frure show e
i/ Aitracton o saud a1 sepanat sample fine
4 wy i fferent exper ments

3 3 o € L
xec nds
P ———
)
|
r &
3
.‘, -
Y
Yo B
s ] 3 € »
secerds

The loss of anuhin in the hadney rosults from loss through the glomerulst
membrane and through the prostubular capllinies 1848 resomible to asume
that 20 °, of the total matenat was fost in the glomerulrr capllines by filtra
ton It s therelore ikely that about 50 ©, of the inuhin diffused through the

pernnbuiae capilfanies

3 Jier

frnufin Ax nught be expected the capllaries in the bver are veny permeable
to inulin ‘The expeniments however show some peeulinues Fig 5 shovs
that the dilution eurve 13 rither flat — An unexpected feature tn view of the
fugh rate of blood flow through the lver This may be due to collection of
blood from = long collecuny, catheter (which was ntroduced through the
Jugular veun into the hepatic veins) rather than 1 reflection of reduced blood
flow duning the expeniment It 1s also seen that the extraction of the fest sub-
stance declines from the start Tlis means that the extraction cannot sumply
be calculated 15 an werage from the exrly samples but must be fund by
extrapolation

I'he narronness of the extrice

Hlular space into which the test substance
diffuses from the capilanes could account for the early decline in

extracton
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secands

speriment on hund limb ‘The upper part of the figurc shows tme consentestion

= 5 7

Fig 7 Surose ¢

2uves for Evans Bige and Bl —
;’:“:W& Part of the ﬁDyg\n'c: e e e e D s

expen
2t belons Dplvagu . brackets represent samples i whach the extnction of Evans Blur Dyc

g;:: extravascular distmbution volume 15 very small an appreciable con
_— Xuon builds up outside the capillary rapidly The space of Drsse 15 ex
Int lyhrr:n'mw which may account for the observauons
“as 435 :/ e¥penments (shown on Fig 5} the average extraction of inulin
o
ms'mm Comparable observatnons were made 1n three experiments with
rose The average smtial extraction was 72 § °%

4 Lung

a!lrmlm The loss of mulin during its passage through the lungs was negligible
1s shown on Fig 6 which summanzes the results of 6 experiments

mf“tm.w The lung I were also mmp ble to sucrose The hugh
h:):f blood flow reduces the fi 1 of a sub: from the

D Passing through the lung capillanes It 15 obvious that the Indicator
sion mcthod 1s snadequate for ussues with very hugh perfusion rates

H
OWever 1t 15 possible to demonstrate a loss of certan substances from the
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lung cypihinies Thus Axmiosses and Crose (196) found a hah st
extract on of ethanol and Cursawn ¢ af (193 of DO and THO

o Hrd tim

Inafn The mean il extraction was 1072, (S D 66 n
4 dechine 10 extricuion was found 1n experuments on other organs i the heod
Limb 1t remvined coustant for 1 long period 1 e for at least 30 sec This mas
be expluned by the functonally large extravascular distnbutton space in @
resting muscle many caypullanes do not funcuon simultineoushy so that the
mewn sntereapilliny distance 1s very high

Sucrose Trg 7 shows the results from experiments with sucrose The nerms®
extriction was 33 1% (5 D 115 o 9) The lower half of the figure shows
that the extriction remuns constant throughout the penod of ob envator
While 1n the Iner the flatness of the ime concentrition curve was atnbuted
to catheter artefacts the broad curve in the lund mb cxperiments 13 obniousls
duc to the low rite of blood flow through resting muscle

As mentioned carlier onc of the purposes of this work las been to cf
terize the capillary wllin terms of permealnlity cocfficients The apphcation
of formula (2) to the average extractions tibulated in Table 1 gives the figures

= 21) While

ficd

shown tn Table 1
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Dhiscussion

Although previous workers have found vamatons mn the permeability of
capillaries i different organs such observations have never been quantitative
The Indicator Diffusion method depends on relationships shown 1n equation
(2) the usefiulness of which 1s still himited by lack of precise knowledge of the
eflective capillary surface area However it 1s reasomable to assume that
;rmrs myolved are not large enough to imaldate the mun ¢onclustons drawn

ere

ParrryuEMER ( 1953) and RexuIn and PapPeniEER (1957) have pubbshed
the only data comparable with those given 1n this paper They have however
been enticised for their use of van t Hoff s relation to determine the mean
concentration differen e across the capilliry wall Aec (Usstvg 1953 Gang
1933 Reoeyt and hatcuatssy 1957) The van t Hoff relation 15 only applt
cable to systems p 1 by a perfect P ble membrane or stated
18 Sraverstan s termmology (1921) 1n systems where the reflection coefficent
5 1 for all test molecules As the capillary membrane 15 permeable to both
tathin and sucrose corrections 1o PAPPENHEIMER 5 figures have to be introduced
Reosst and Karcuarsay give the values for the correction factors as 0 375
(aulin) and 0048 (sucrose) With these correction factors the permeability
corfficrents found by PAPPENHFIMER hecome 018 X 107% em sec™ for mubin
2rd 030 X 10 cm Ssec™ for sucrose (hind imb capillanes of the cat)

The agreement between these corrected figures and the figures given in

table 2 for the permeability of the hund hmb 1] 1n the dogas
considening that the results have been with two fund: 11
different ex;

perimental apgroaches based on different analyses of the problem
The refation between the permeability coefficients 1s seen to daffer only shghtly
from that of the dyffi The logical quence of ths finding
i that the theory of restnicted diffusion onginally advanced by Parren
HEMER (1953) must be reconsidered {Crove 1963)

RENEIY (1939) derived an expresion for hissue permeabslity  formally
#nalogous to equation (2) No direct compamson can however be made
between Renkin s figures and those presented here because of conceptual
dfferences 1n the meaning of extraction 1n Renlun s deduction and n the
Present analysis Renkun determines the extraction n the steady state where
the concentration of test substance outside the capillary wall 1s not necessarily
"nsigmificant With the Indicator Diffusion method determinations are made
‘12 non steady state and extracapillary concentrauons are thus of much less
'mportance This means that the Indicator Diffuson method gives tue
aputary permeabiliny

The finding that the brain capillanes are wnpermeable to anulin and
sucrose rases the mteresting question of how the brain 1s able to take up
glucose from the blood in sufficient quintities The difference 1n molecular

0633015 Acta phsnol scand ol ,8
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diameter between sucroae v d glucose s only 1 fes Angteom Unats Tre
chemcal structore f bath metecules sl both being bibly polar with
wreat tendeney to Fam hadror en bonds with e sater molecules sn the sur
roundingt Thew connderstinns lead s the conelusion (Crose 1%0; a2
wpeenl transfer mechinsm must et an the bram capillanes by wean of
which the prvaze «f gluerme into the bevn uoue 1s factlitated ¥ xpramertal
proof of thiy deditenion sall be eiven i a later paper

Appendix
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The Heparin Co-Factor Actavity in Plasma and ts
Relation to the Anticoagulant Effect of
Intravenously Ingected Heparin
i
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Abstract

Bicumars 1 N Deosniex Ho Jacrxexrs and T Owsos
The bepartn o-factw acts sty a flasma exd s velaniom fo the eunogsl~t
et of intraermly o ected deporin Acta ghysol scanl 1%3 59
306~318  The bepanin co-factor actnaty in plama defined a3 the
antith somben activity at high bepann concentrations was measuerd.
with two thrombin tiration methods 1n dogs and human yubjecs
fallowing sngle «r repeated antravenous injections of hepanin The
co-factar activaity was found to decrease continuowh dunng th penod
of eimination «f hepann from the plasma after which it rose slowh
to the initial level In dogt the anticoagulant effect af mtrasenous
bepann was stndied at different levels of co-factor actiity n the
plasma The co-factor actinity was increased b nfusion of bovine
plasma fraction IV — [ prepared according to Cohn The risc in co-
factor actiaty was alwavs accompamed by an ipcrease m hepann
effect {prolongation of the coagulation tme  The co-factar atone
exerted no cffect on the coagulation ume

It was shown tn & previous study (Otssos 1963) that the anbeoagulant effect
of 1+ imected hepann was probably not dependent on the plasma hepann
Jevel atone Thus the prolongation of coagulation time after an mjetuoz
of hepann decreased much more rapudly than was smplied by the h‘P'm‘
content of the blood Morcover a repeated hepann dose fiad 2 considerz
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smaller anucosgalant effect than the first one and a higher dose excited rela
trvely less effect than a lower one Tt was suggested that these phenoaena msght
be related to changes i the concentration of heparin co-factor m the blood

The obyect of the present ivestigation was to study the influence of hepann
on the co-factar actty 1n plasma and also the anticoagulant cffect of ingected
hepann at different co factor levels The cofactor activity 1n plasma was meas
ured by two different methods i dogs aod m human subjects both during and
altet ebmpmation of v snyected hepann The antieoagulant effectali v hepann
was studied 1n dogs with a low and high heparm co fsctor acuty in the
plasma respectively

Materzal

Y Fibrmogen was prepared accordmng to Browsack and Browsack {19560 The
coagulability was 98-~100 °, when essaied by ac itrayioles spectrophotomesic
method (Buoseack 1998} The preparations wert dissolved 11 03 3 NaCl vo a protesa
concentration of 19

? Thrombin (boeine) Prothrombn was prepared esentually according 10 SeEGENS
Lomas and Vaspeseett (1945) 1n osder to obtamn 3 hugher yld 10 conversion with
Throraboplastm and calcum ions the last punfication steps followang elutian from
Mg{OH) , were omutted “The thrombun was further purified as described by Brossalk
and Yawasmea (1908) The actnaty was wsually between 130 and 250 NJH wus
per ing of protes The thrombin was dusolved to the devred concTtration dustilled
water Al vessels bin were sib »d When stored i sbicomzed
“esels 1 306 water the solwhans were stable for at foast o hours

3 H porin Commeroial hepans 5 solution (Vatrum Comp Stockbolm) €on
tamng about 130 I U frog
N ;55 Bffer Tras {hydroymethyly amuno-methane buffer pht 7 273 wnic strength

S Humen ond comne standard plarma Catrated plasma from & sndevnidaals (1 part
38 Na amate x 2,0 + 9 parts blood) was mixed and centnfuged at ? 0002 for
20 . and the plasma pipetted off

6 The plasma fo be tested was treated wm the same way a3 the standard plasma The
samples were abways kept deep frozen untl analyss could be performed

7' Plama fractions Bovine ylasma was fractionated by Cobn s method 6 (Cosr et al
1946 yeshly prepared fraction IV——1 dicolved m 2atime {1/10 of the wmtal solum
of the plasma) was ued 1n most expensments The preparauons had a bepann co-facto
sctity 10 19 70 teoes ughes than that of normal dog plasma In othet experiments
fraction Ty ot was heated to 61 C for F0 min and the precipitate formed removed b
ctutnfugaton and discarded The 1olume was then adjusicd to the ongmal one wit!
hysiologic sshne The heated fraction had no co-factor actvisy

8 Evpermental subgects Both dogs and buman subgects weve wsed The weight of th

farmer vanged from 1116 kg When necossary the dogs o re anasthenzed br e
pertoneat spgection of NermbutalC (ALDOI) 1 a dose of 10 mg kg of body waeht b
thes ammals the samples were withdrawn through a poly ethslene catheter (PF 190
mtroduced wnto the ;\fm;r rens F‘“ via ; peripheral vem i a hind g and thear
sechions made through a short catheter 1na foreleg In B 3
B e T bhoad sampies 1K by duech senmpumtnart o o e e
were healthy medical students Both Bood samplmg and mnpection were done by dire
\enepuncture
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Afethods

1 Determingt on of bepurin acts sty
This was peel emed 0 plasma Uy the thesmban ttraton method of Brounies o &f
(D]

2 Do ermunstion of hepann coofactor actnaty Method 1 Quantitat ¢ £roessge fhrrsbon

Litrat on
The method kas been desceibed n detul eliewhere (Biounsex Brourack and Ots
L %N 1963 The trst §lasma was dilited 1110 i tras buffer and the test perf med ata
. tepann concentration of 4 1L /ml of test smixture
3 Determinats n of hepann co-fa tor acti 2ty — \Method 2 One stage thrombinotime de )
natom
Reagents
Fibrinogen  hepann solution The fibrinogen stock solution was diuted v wh 0 13 3
trts buffer 1o a protein concentration of 06 The hepanu stock sofution was diluted e
disulled water 10 a strength of 200 TU imd Five mi of the beg arin solution was added
to 100 ml of the fibrinogen salution
Thrombin solution "The stock solution was diluted in distilled water to 100 \NTH unts m!
Stindar{ plasma Sec M atenal

Procedure

050 m! of saline v as pipetted 1nto one test tube 00, 010 015 020 and 02> m!
respectively of standard plama was pipetted wto cach of another 5 test tubes In
these o tubes the volume was adjusted to 0 5 ml with sahine One ml of fibrinogn
heparn solution was sdded to each tube After 5 mm mcubauon at 30 C, 05 ml of
thrombin solution was added A stop v atch was started at the moment of addien
| Thu method was desised by one of us (M 1110 1938 but s ace it as not beert published

earl er it 1 outhned Fere
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of thromtun and the time when the first fibnn threads were caught by a platinum
wze loop moved up and down 1n the tube was noted Double and tnple determinations
were made and the average value calculated The clotting tme i the tube with sabme
only way adjusted by altermy, the strength of the thrombun so that 1t produced cloting
mabout I sec In the tubes contawung plasma the clotting time increased The correla
tion between standard plasma concentration and coagulation tmme 1s shown 1 Fig 1
 new standard curve was plotted for each series The test sample was diluted 1n sabine
The clatting time of the test dilution should be within the steep part of the standard
curve (Fig 1} Twelve samples watha eo factor actvity sangng from 1231025 © that
ofstandard plasma were analyzed on two different standard curs s on two separate davs
the standard deviation of a single determunation was found to be 2 4 %,

4 Determunation of toagulation time

The samples for deterrmnation of the coagulation time were drawn from the caval
catheter In most experiments the determunation was made 1n glass fubes  After discard
g the first 2 ml (05 ml of blood was transferred with 4 5 ml syTinge mnto each of two
tubes (9 X 75 mm) which were sealed and placed in a water bath at 30 C The tubes
were gently tdted and rotated every 5 nun The end pomt of coagulation was taken as
the first appearance of fibrin threads and the ay erage time for the two tubes was noted
Only when the coagulation time was markedly prolong d 1¢ was more than 20 mn
did the difference bets cen the two tuber exceed 5 min The greatest difference recorded
Was L g this occutred on two oceasions when the ayerage time wa 325 and 725
mmn resp Afew of the time were made m « chamber
according to Jorvgs Broweacx and Bro mack (1954)

Experimental and results

A Vanstion i co factor actusty plasma afler 21 injection of heparn

Four unanesthetized dogs were @ven a single injection of 800 I U /kg of
body weight of heparin and four dogs 200 I U /kg Two contral dogs recenved
no hepann but were treated 1n the same way 1n all other respects Three human
subjects were guven a single 1njection of hepann 1n a dose of 400 I U /Ag of
body werght In every case a sample was taken before injection and 4 8 12
20d 48 hours after it In most of the dogs a sample was also taken 72 hours
after mjection The hepann acuwity was determuned as well as the heparin co-
factar acumity 1 plasma In these experunents  the co factor acuwity v as
analysed both with the two stage quanttatie thrombin titration method and
with the one stage method

The effect of repeated hepann anjecuons was studied m two dogs One dog
¥as given 400 I U fkg and the other 800 1 U /kg altogether 6 tines m the
course of 3 days The co-factor acuvity 1 -as determmned dunng a 6-day prnod
In these and all subsequent experyments only the one stage method was used

Three dogs under general anesthesia were inyected with 8001 U of heparin/kg
of body weight The hepanin activaty and the co-factor actwaty in plasma
werc measured before Ijection: 30 and 60 mun after 1t and then every 60 min

for 5 hours In 3 anesthetized controls (no hepanninjected) the co-factor actny
1y was measured at 0 120 and 240 mun



1o FIROGTS BUONMERCR 1T AL

Tlel Theetrpn M1vofuttot. roplemgmd o flawug muctio of heparm

Merparn dne e Hoparn Treomt o (NMHust | Cofactor setoaty

gt it acen tusct atel bvosfactef € o Tactnty
LR sfierin). { ttac 0 w3 el imad vandard plamait

L e
i mad

Mean \exn £ Mean . of

nmt minat

val o value
£9 0 02 52 el 1040 ]
(far 4 104 1€ £ 3 o
B 033 by " e 3]
1 029 19 37 9 -
K n+3 p) 43 6 8
4 0.8 - - L 93
- 2 43 83 1018 A
"~ 0 as 59 100 118 100
sy Sy 4 oy 40 t 28] 9
[ @3 41 ~9 a7 B4
[ an LL a 1020 al
i 034 47 ] 1037 o3
[ 030 49 L} 0 f >
N 0.30 L > oo <
Camtrod o asn [ 100 1020 102
™ dogn 4 (K] 75 1) 1mo 104
8 2% 5 108 108 103
2 (4] 75 108 n o s02
" @30 R0 e . 9

4 [ 75 108 100 101
- [ 2 104 no 10

t Two-stage method
* One-stage method

“The results of expeniments on the unanesthetized dogs are listed 1n Table I
In the ammals given a hepann dose of 00 Y U hg the thrombia mactivation
(co-factor actinity) tn 0 2 ml of plisma as measured by the two-stage method
decresed from an nerage of 52 NIH units of thrombin before injection to an
average of 19 NIH units 12 hours after injection Twenty four hours after
o-factor actity had started to return to the mual
hepanin level was sull elevated + hours afier anjection
Ty the imual fevel
co-factor activity 1n plasmd
from an 1l of
cction At 8 hours

hepann ijection the ¢

Jevel In these dogs the
but 8 hours after st had fallen to appreximatel

In the 200 TU group the decrease in heparin
was less pronounced Thus the thrombun inactination fell
5 $ MJH umits of thromban to 40 NIH umnits 4 hours after iy
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Table H The aterage chan,¢s of the heparir co factor actt sty w plasma w three k arans
Sollozin irenous heparin 400 TULkg bodywer bt

Tune Heparm. Thrombm (NIH umts) Cofactor ( of actinty
(brs) concentration | mactnated by co-factor in standard plasma)
ey | (TUJml 1 02 ml plasmat
plasma)
\Mean AMean of Mean of
of three of three tial value | of three n:al value
0 [ 87 100 1028 100
4 148 75 86 897 87
3 050 73 84 903 87
” 023 69 79 878 8
24 007 71 8 876 82
48 0 62 83 877 87

! Two-stage method.
* One stage method.

Table 1T Changes of the heparin co factor actuity i plasma m dogs at yepeated wtrarenous
heparm wiections

Time Heparm Cofactor Hepann Co-factor
(hr (400 TU/kg ) (800 TU/kg ()
bodywe ght) bodyweght)
o + 100 + 160
16 + 827 + 970
% + 19 - B8
“ + a9 + 78
48 + 698 -~ 730
6t + 642 - 579
s - N2 - 62
% - EIR - 906
120 - 906 - 91
148 ~ 925 - 20
—_—

1t had started to nse agan The hepann concentration m plasma was shghtly

elevated 4 hours after snjection as compared to the mtal salue In the dogs
"ot given heparin no le changes tn co-facts

during the corresponding penod

acuvity were

When the heparn co-factor actvity i plasma was measured by the one
Stage method the average imtial value was 104 9, of that in standard plasma
The changes 1n co-factor actmaty recorded with this method followed the same
Patiern as those obtamed with the two-stage method When expressed as a

Percentage of the sminal value the changes were however less pronounced
when assayed by the one stage method
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Oneatags methy 1

In the 3 human subjects grven 1 hepann inpecton of 400 T L La the changes
were s entinlhy the same as in the dogy ; [ble 11
Mier tepeated hepann injectons into dogy a contnuous decrea ¢ occurredin
the hepinn co-factor actinaty an pluma dunne the peniod of adminitration
After sathdriwal of hepann the co-factor level started to rise Table 111}
#  The expeniments on anesthetired anunals deselosed that thie co-factar actvny
had started 10 decrease 15 soon 13 30 mun after hepann ingection and continued
dunin,, the time of hepanin ehmination (Fable 1\

B Anticoavulart effect of 10 tmected Fepann an d 5 with carpne coofatr o il
i the plasma

A decrease in the co-factor activaty 1n the pla ma was induced by 1y anjec
tion of hepann tn a dose ringing from 1 600~2400 1 L kg of bods wesghton
the dy before the actual expeniment  An ancrease 1n co-factor activity waspro-
duced by infusion (durmg about 3 mm, of boune plasma fraction I\ =110
a dose ranging from 6—15 mlikg of body weight In controls carresponding
doves of heated fraction IV —1 were infused

Sit expeniments were made on dogs whose plasma co-factor actmity had
Deen reduced as just descnibed Tour of these dogs were gnen an wutial hepannt
snyection of 400 1 U ke of body weight In two of them fracuon n—1 ‘:;
iyected 50 min later i the other two heated fraction IV —1 was anject! "
45 and 65 min respecinehy after the bepann The remaimng two dogs ‘“’a
first gven fraction I\ —1 followed after 25 min by inyection of hepann 1n

dose of 4001 U fig
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Heparin  Coagutalion ! 2 Co factor
actity time “ activ ty in
W/mi 7 of normal
plasma  In minutes Plasma
] 100 400
&
80 o~
e 00
it §
4 60
3 200
w0 .
100
20 .
1 0 °
-
) 50 100 150
Time m minutes
fis 2 Antcosgulant effect of intravenously wnjected hepa 1 with decseased and nereased
hepann co-fartg

100 of fraction I\
coagulation tume
-8 hepann actvity
=% cofactor actiary

Fiw OF act ity i plasma Heparin dose 400 I L jkg BW 1 Injection of hepann
1

. Two dogs wath normal plasma co-factor acuvity recerved a heparm dose of
ta TU kg followed by repeated doses of fraction IV—1 dunng the pertod
o ehmination of hepann from the plasma

lm]" these expertments the coa

gulation time was measured every 5 to 10
© using the test tube method previously described
Another two dogs with normal plasma co-factor actiity were given a com
f:ramcly small dose of heparsn 12 100 T U kg of body weight after which
o S aton time was measured every 10 nun 1n a chamber according to
{(\)m)s #al (1954) One of these dogs was given the heparn first and fraction
‘: a)fo mn later, 1n the other dog they were gwen mn the reverse order
e ;hc Cxpertments histed above the co factor activaty 1n the plisma was
W1 6:) by the one stage method 1 samples taken at intervals ranging from
s The hepann level 1 plasma was also detertmined

" ?as‘h:'; 8 expenments on dogs with an smuteally decreased plasma co-factor actizity
In the 4 db 70 45 78 and 22 9 of that m standard plasma respectively
Ionged 1 50 inally mjected wath hepann the coagulation fime was pro
and 8?2 3 225 15 and 30 mm respectively at hepann levels of about 9
eepite 2 th U /ml plasma but then decreased rapidly to pre heparmn values
and thy cogh Plasma hepann level The co factor activity was however rased
LR 3gulation time ance more prolonged by infusion of fraction IV—1
of these dogs 1 which the plasma co-factor activity rose from 60 °,
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tet watemn Phus with w hepann i the tet micture the “progrosne ann
theomlan i phimy was mevured  Atlow hepann enneentrations fibrinogen
everted 4 rpd antithrombin effecs At buther hepann concentrations on the
other hand «— 1¢ betwern about 2 and 101U im! of teet muxture — an
other nypnd thrombin neutehiang, mechansim must be envivaged The faetor
i plamy and serum ey ble Frr the lastmer 1 effect was tentatnely
denoted a3 the hiepann cofactor In the present investigaton the hepana
co-factor actiaty has been measnred according 1o this defimtion
In the one stage methad described here the nuthrombin can be deno od
1 “immedintely  acting antithrombun As alo in the twoustaze method a
riputly acting, antthrombon s mewnural 1t 1 reaso wahble to sy egest that the
ity metmred by the two methods i identical The results we obtained
were an et qualitatvely sl even of quanntitine docrepances were
olrerved e Iatter mught be partly expluned by vinanons in the strength of
the thromlnn wed in the mo-stage inethod Since 1n the onewtage method
the anmhromiun eifect » expreved 15 a pereentage of the effeet in standand
phumy st s notdependent 1o the same deree on exict hnowledge of the throm
tin strength
The cofactor actiniiy i plama decresed significantly an both dogs and
hwmans duning ehimunation of the ainjected hepann from the plasma Mok
Hovst 1959 olnened that the 1ntuhrombnn titre sn plisma decreased 1%
tfier 2diditson of hepann m nsing concenteations as well 1s after hepann in
Jection i experamental ammal The effect wad attnbuted to an “mhibieng
clfect of hepinn on antthrombin ety The results of lus 1 prtro expen
* ments are n fict 0 1ec rdance with those obtuned m our previous methodolo
weal study Biovmacs of of 1963, Ve found that rnuthrombin mechansms
acting, 1 the 1bsence of hepann and 1t low hepann concentritions becarre
blacked at Ingher hepann concentrtions when thromibnn anhibinan was trken
aver by the co Lictor The tot1] antthrombin effect of plasma deereased with
anancrease 1 hepann concentration: The co-Netor activsty however remained
unchinged Stace the Itter reaction proceeds storchiometrically whereas the
rerctions 1t low hepann concentration are stronghy, dependent on the thrombin
concentranon 1 relamvely smll proportion of thrombin will be neutralized by
the co-f1ctor when thrombin 1s added 1 excess a3 was i fict dane by AfONE
sotsf  Thus At excess of thrombin the total muthrombon cffect of plima
will under certun conditions  decrease with 1n mcrease in the hepann con
centrition  The decretse 1n antuthrombin rctnaty oberied by MosRiouse
following hepann adminstration m rue 1 however more difficult to ascnbe
to the liepann co-factor 15 defined 1 the present siuds snee the anuthrombm
s titrated 1n the absence of hepann
Rervert and WiNTersTEY (1939) suggested that there mught be a release
of thrombun i the blood secondary to hepann injections In our test s)“‘"“
uch a phenomenon should result 1n higher thrombin tcuvity than that ca'es
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lated which mmplies that the decrease recorded in o factor actvity would
haie been only an apparent one However when the co-factor 1ctivity wis
measured at the lowest level m the dogs given a heparin dose of {00 1U [y
of body weight 1t can be calculated that a plasma thromlun content of 1%
NIH umtsyml would be required to produce thiy apparent decrese m i
thrombm actitv (see Table 1) It would be mteresting 1f such 10 ymount
thrombin was present m the circulating blood

The decrease 1n co factor activity was already measurable 30 min after 1
heparn imjection and seemed to proceed as long as there was 1ny heparn
to ehminate However once the heparin was ehmmated the co factor activity
started to nse again thus indicating the ability of the organism to synthewre
co factor A relation obviously eusts between the disappearance of hepinn
from plasma and the decrease m co factor actity The mechantsm of oy
factor decrease 1s howev er, difficult to evaluate One possibility 15 that hep i
forms a firm complex with the co factor the complex subsequently being ¢ b
mated 1n some way or another It must however be noted that the tinna
of decrease 1 co factor 1s approumately knear and thus differs from 1ha f
heparin which 15 d exp lly (Orsson La RINand Ly 40,
Another possible explanation of the co factor decrease1s thatheparin ¢ at ! e ..
reaction by which an active antithrombin (co factor} 1s formed from o yess
which 1s copsumed and that the co factor 15 conunuously ehminated s , ’
blood

It has been demonstrated earlier that the co factor acuvily 1 4,

s
m Cohns fracion IV—1 (hoiirr and Derovavs 1953, Luy;s -,
anticoagulant effect of heparin at different co factor leve!
conveniently be studied by mfusng fraction IV—1 ffi » ,
actiity m the plasma produced by mfusion of friciumn § .
accompamed by an increase n coagulation tme pro i,
contained measurable amounts of heparm The fict ¢ & L ’ .
fraction IV—1 had no effect argues 18 favour of the § P e
of natne fraction TV—11s related to the rise m s /e
as measured 1n this test systerm 7

The co factor actvity 1 plasma scems to b /.
coagulant effect of mtravenously wected he, -
tionship between hepann and tts co factor § - - ,‘:
(1943) and Vouert (1943) were able todemy, 7 c0 s =
that both components could be the hmiting 7., . Py =

effect of the hepann co-factor complex [3
n r10 experiments as well In the dogs v

n plasma the co-factor was the imitin, ., . -
seemed to be the hmuung componeny o P -:_
coagulation ume on repeated mfusion 4 e

concentratson of heparin i the playy Lk
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1 3

Phe preent study shows that the pro} of 1 time
immediately afier a hepann Inpection or a co-factor igechion i a hepanmzed
ammal v dependent on the levet of bath heparins and eo-factor Tty prolable
that 1 certam cntiea reliton muvt be present between the tmo components
Orr the coaguhition mhilnting effect to be optimal The semi-quanuiatve
ature of thi sty does ot howeser prrmat any relevint eafenlanons Nor
docs st explun the rapid deereve in coagulation ume despate 2 high level of
both hepann and eo-factor actnaty an the plama
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Comparative Effects of Hydralazine, Sodium Nitrite and
Acetylcholine on Resistance and Capacitance Blood
Vessels and Capallary Filtration in Skeletal
Mauscle m the Cat
By
BenoT Astap and STEFay MrLLANDER

Rece ed 6 December 1962

Abstract

Astap B and S Mectanee. Comparative effects of hydralatne
sodium mitnte and acety lcholine on resistance and capacstance blood vessels
and eapillary filtration 1n skeletal muscle n the cat Acta physiol scand
1963 58 319329 — The act ons of intra. artersally intused hydrala
e sodium nitnite and acetyleholine were studied with a techmaque

1 of the responses
i the various series coupled sections in the skeletal snuscle vascular
bed The dilator effects of all three drugs were found to be due to 2
divect action on the vascular smooth muscle Each of the drugs
evohed charactensnc peripheral vascular response pattern dif
ferenuated from that of the others Thus hydralazine dilated the
resistance vessels almost exclusively whil  sodium mtrite predorm
nantly dilated the capaciance vessels Acetylcholine ehcited a Pro-
nounced ddatation of both the ressstance and the capacitance 1 essels
Furthermore hydralazine and acetyIcholine produced a net outward
capillary filtration nto the extravascular space depending upon a
relauvely more pronounced dilstation of precap lary than post
capillary resstance vessels while sodwm mitrize did not s grificantly
nfluence the transcapillary exchange The present fadings may aud
n explaming the different general hemodynam ¢ effects ehiated by
hydralazine and sodium mtrite 1n the antact organ «m,

21633015 Acta physiol scand 3 ol 58
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Tt as well bnown that the hypotensne effect of bydralazine 15 due 1o 1 de
aeve of the peripheral vaseulas res stanee Tthas beensurzested that thys effect
weay ed by an inhibiton of the svmpathenc sasoconstyetor dischrge from e
centtal nenvous s em (¢ ¢ Cavrr ¢ of 1951) Mare recent st gauons
seem however taandicate clearly that the predomnant site ¢ f1cnon of hydrala
zine 13 located 1n the penpheral s veular bed {STvskarp WerTitroser and
Rrotur 1951 Aotap 199 Antap Jonswon ard Hrewna 19%1) where the
drug produces a decrese of the Tesistance to blood How by 2 direct “chon on
the sascular srecoth muscle (Antan Jorrssox ard Hraana 19%2)

In the intact orgamsm the general hemadynamic effects of hydrlazine are
panh different from theee of mitnites which are 1150 known to exert a vaso-
dilator effect I & direct acuon on vaseular smooth musele Thus hyvdraluine
evokes a prosounced decrevse 1n penpheral resstance and an ncrease of
cardiae output (inerewsed heart rate and stroke volume) (¢ £ Wiasos
Bacsaas and Hrarr 192 The nitntes on the othey hand produce only a
shight decrease in peripherad resistance and ustally a decrease of cardiac output
(basett on 1 dearcased stroke velume) (Wris and Frus 1933 Braaurers,
Bozir and Goriang 1959 Rowr ef al 1961) At preseny there 1s no generally
aceepted explanation for these differences

In the present study <0 attempt was made to analyse 1 some detail the
penipheral vwseular response patterns anduced In hydralazine and sodium
mtrite Such anformation mav be of importance for a more complete under
standing of the general hemodynamic effects ehiested by the two drugs
; To get 2 closer msight 1nto the reactions wathun the penpheral arculatory
system 1t seems tmportant to visualize the funcuonally differentiated  sertes
coupled sections within cach vascular bed ¢ g Windhessel vessels preeapil
lary and postcapillary resistance sessels and capacitance vessels (for detas see
\rLLANDER 1960)

In this study a technique was utthzed which permitied simultancous and
quantitanve recordings of the aborementioned viscular functions in a skeletal
muscle preparation in the hind part of the cat The effects on the resistance ves
«cls were followed by measunng senous outflow of blood from the regon when
the pressure gradient across the vascular bed was kept approxamately constant
The effects on the capacitance vessels were measured as changes 1n regronal
blood content recorded by a radioactne isotope techmque The effects on net
capiilrs filtration were deduced from the difference between the recorded

changes in total volume of the regront

1108
} graphic techmque

changes in regional blood v olume and the
1

studsed which were d 1y by a pl ‘
The effects of intra artenally infused hvdralazine sodium nitnte and acc()f

choline were compared to each other Acetsleholine could be used 'ns:b:cm

erence agent, snec s cflects on these vascular funcuons in great part ha

established previously (MeLLANDER 1900}
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Methods

The expenments were performed on 11 cats weighing 2 8—3 7 kg anestheu d mtra
venowly with a muxture of chloralose (not more than 50 mg per kg) and urethane (not
smore than 100 mg per kg ) In two experiments artificial resprration was gnen at a level
sufficient to Just barely suppress spontaneous breathung

The basic expen ! techmgq been desenbed m detail m 2 previous com
mumcation (MeLranper 1960) Briefly the hind part of the cat was isolated from 1ts
Upper part at the Jevel of the hips leaving mtact oaly the abdomunal aorta the mfer
@val vew and the lumbar sympathetic chamns Part of the ntestines were removed To
obtain an almost pure skeletal muscle preparation the arculation through the hund
Paws 20d the tail was excluded by tight bigatures around the ankles and the base of the
il In five of the ammals the region studied was deprned of 1ts sympathetic nenve
supply by severing the sympathetic trunks at the fourth lumbar gangha In two ammals
adrenal medullary secretion was prevented by Ligation of both adrenals In these ex
Penments 20 mg cortisone acetate was gnene m

In this preparation the mfenor vena cava forms the sole outflow channel from the
region studied For measuring venous outflow 2 Gaddum recorder was inserted 1n the
infezior caval vern For calibration the return of blood from the Gaddum recorder was
temporatily diserted 1nto a graduated cyhinder

¢ artemal blood pressure was measured by means of a mercury manometer con
Tected to the nght carotid artery The venous outflow pressure of the hind part could be
st atany desired level by altermg the height of the Gaddum recorder abo ¢ heart level

To record the changes in the total volume of the hind part 1t was enclosed m a
Yater filled ¢ 1 Teti h d to a prston recorder By
thss means rapid phasic changes both m regional blood volume and m regional extra
yascular fuid volume could be determimned as previously described (MerLaxozs. 1960)
To be able to separate exactly these two phenomena also when the vascular reactrons
dereloped lowly simul were made of the changes in regional
blood volume by an 1sotope momtormg techmque For thus purpose the red cellsin the
blood were Iabelled wath Cr* The radiation from the region under study was recorded
by an external semullation detector Changes in the recorded activity were a measure
of changes 1n regronal blood volume

The scntillation detector (Ekeo England) was fitted n a wide angle lead colimator
The sodium sodide crystal (diameter 15 depth 1 ) was placed at the side of the lund
Part and at a distance of 40 em To record exclusnely the radiation from the region en
closed 1n the plethysmograph all ether parts of the ammal were shielded by a 3 cm thick
lad plate The scunullation detectar was connected via an amplifier and 4 pulse height
2elector 10 2 Linear ratemeter (Ekco England) which operated & chart recorder (Speedo-
max Leeds & Northrup Co USA) The pulse height selector was set to reject all of the
Tadution cutside the chromum photopeak. The tune constant of the ratemeter crrcut
¥assctat 1 or 4 sec dependent upon whether rapid or gradual blood volume changes
WeTe to be recorded

For labelling appreamately 8 ml of blood was withdrawn from the cat carly in the
Preparagion and substtuted immediately by an cqual amount of dextrane Tyrode
solution About 2 mC. wotonic Na,Cr10 was mixed with the red cells The labelling
procedure was performed accordng to VEaty and VerTeR (1928) The suspension of
the abelled red cells was stowly myected 15 1nto the ammal Within 1020 smin the
recorded rad oacts ity reached a steady state Jevel varymg in different expeniments
from 230 10 300 cps (background activits about 2 eps) Tius basal radsation from the

on was ! at app the same level th the exper
Analysis of blood samples withdrawn dunng the course of the expenment showét
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Clarsa o the My !:7 ame tn the hind pan of f e rat shoul § be reflected by alter
at r'\ ol 1t erconded 1ad Ation from e regon. For a quan matne evalagtion of the
Mo ¢ B e i
el et e s p 'r,v : namosnt Thi was done o g by asudden

rom the trxs v Sdlowed within & few smeonds by o

elanm el th e antenal 1%ow to th e teyion 1T 3 increase of regonal b ood volume was
1t on mamtamed £ about obe munvte pemutting an exact maluatmn of the chyrge 1
radiat or‘l A vrular steady saate change i reponal Blond vl ime cont § abn b pre derd
245" 4 graded Jarmal acefusion of the venmn putflaw from the tegion by 30 10~
fuserm of sertidct ohine o¢ Uy of ctneal shmutan n of the nepathens aoconstictor
ftees to the bemion 1t ha previowh been shown that the chaners 1n rrgiomal blood
selim produeed by th e manom res can be measured quant atisefs witha by b drgree
of secursey by the pl thvamogyag bue velume rerording (Mergasore 1WA The cone
comtantly freordmd changmy o semional blor § volume b the sotope momitonng
teed ueue shomed 2 watnfacton correlation to the values o} taaed by the plrth ymo-
wrsptic toc? anqur o e stanfand desixtion in €8 such determinations compraing = 11

Foe routin calibraton of ©f uotope Elwul volyme tect mgue made repetnefy
dunrg th = course «f cach Cxprnment the method of graded partial occlinon of the
At outf w way utihized

The drumiwere admmntered La 10 the se on from a cowtant rate il 1 ot apparatus
connected ta an indwelling catheter 1 the nfennr mesentene aners The mfused
amounts ¢f acetsleholine ranged betwern 004 and 03 p5 mundg of stud od renon
tydralazine (Apresclin Ciba betwern 017 and 0 16 org mun ke sodium mtrite be
taren 0t and 10 remndg Acetyleholin was infused for perods of 1—3 wmin
hydralanne and sodium nitnte for 4—8 mun The interval betneen the infusions of
hvdnafanine and sadium nitnt was 40 min a1 a minimum In about half of the expeny
ments hvdralazine was goen bef e sodium utrste @ i e remainder the sequence was
grverted  Acetylcd ol ne was given repetitiely 1n all expenments both before and afier
each of the abore mentoned drugs

Wath the present trchasqu phasic charges m blood flow Llood volume and 1 act
trarsca ntlany fltcaton exchange mduced by acetylcholine hvdralanine and sodium
sitnte could be recorded continuoush while at the 13me ume the artenositnous pres-

sure gradient arron th yascular bed rould be kept fairdy convtant

Results

Fig | shows the ongmnal recording, from a repre entative expenmentin w huch
acetyleholine (A, Indralazine (B) and sodim mtrite ) were infused 1 2 10
1} ¢ skeletal muscle region in the hind part of the cat duning the penods dicated
b the ssgnal The lumbar sympathetic nerve trinks were cutan this expeniment
In the .mounts gunen neither of the drugs produced a stenificant change of the
arteral blood pressure 1t can be seen that all drugs produced an snercase of the
Blood flow and an nerease of the solume of the reqion studied The sesponscs
of the resistance yesls were dedured b calculating the regronal rest tance 0
perpheral resistance units (Green 1948 p 243} smmediarely before cach :3
fusion and at the pomt at whach a sueady state effect mn blood flow wasobtain -
The ertent of dilatation of the resistance exsels for cach drug s indicated in the
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Fig 1 Cat 8 kg chloralose urethane sympath ctomuzed sleletal muscle regon 460 g The
#flects on resistance and capacitance vessels and on net tran capillary ex hanee evok d by mtra
anenal infusion of A) acetylchol ne (010 pglmnfke of stud ed region} B} hydralazine (012
g tun'kg and C) sodium mmte (0 6 mg/mn/ke) For detals see fext

figure by the percentage decreass m regional prripheral resistance The re
sponses of the capaeitance vessels and the net transcapillary filtraton exchange
were obtamed from the plethysmographic recording of the change mn towal
‘olurre and from the simultancously recorded change n regional blood yvolume
by the 1atope monutoring technique As has been estabhshed previously
(Merzanper 1960) the pleth griphic volume ling alone can give m
formation about both these phenomena provided the vascular responses
developrapidly as for example with acetylcholine {A) Then the sual rapid
tnerease 1n volume represents the amount of blood pooled 1n the region, and
indicates the response of the capacitance sessels The latter more slownly
thanging porton of the volume curve reflects changes tn net capllars filtration
Vhen the vascular resporses develop more gradually asoccurred when hvdrala
#ne and sodmm mitnte were admmnistered  such an exact differenttation be
tueen these two pheromena can no longer be made on the basis of the plethys
mographic valume curve alane but req 1 1n additon meas
urements of the changes i regional blood volume as accomplished be the wso-
tope techmique Thercfore with this method the responses of the capacrance
essels could be assessed more exactly from the recorded changes m regional
blood volume These values are indicated n the figure by the numbers helow
the volume cune C 1y a net pillany outward fil could
be determuned by subtracung the value for the recorded bloed volume increase
from the alue far the recorded increase m total volume

As ¢an be seenn Jag, 1 all three drugs dilated both the resistance and the
capacitance vessels and for each substance these twoascular functions seemed
10 he fawrly « cll coordnated in tme to cach ather

Acetvicholne (A) produced an almost immediate dilator response of both
the resistance and capaciInce vessels reaching a steady state level withen 20—
30 scc The eflect was completely abolished I—2 nun after the cessation of thes
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¢ X
e e mexdnttnction in fur il dibitor ses,v 23 < Bydrabare (B)
) a rmuch rare gracual developmert reackurt a 5 ead
rate Jrvel about 1204 run afer e sant { the infe 3
trirs tes after e 1rfunon ceased T ofue mfson or ol soes)
T Jonghle Jenth tﬁm:: d §, (;X dilater efferts were then matmtarred
twe bris Dater Sodam ro o fd Lad wretitres no dus pprared ever one or
€ {C; firally, had 1n ths re<poecy 30 an ereduate
Pt c:-r;nr(d to reetyleheline and Yydralinae 1n that the dilator
T T e v e b
effeet was mamntas od for §5~30 ‘r:’aﬁm”i]a cr;hcf!‘}‘n ofthe iofion. T e
frem sore exprmments suzcested dl:: “:2 wtd‘“ e e e
5 m nutriee the reeovery of the
feustance vesiels wav wmewhat mare pd than dat of the capactance
veuels
A cormpatson briween d e effects of the tree drug on ghe resstarce ard
capacitance vessels revealed matked differences from a quanntative pomt of
Miew dcenlcholinre |A, evoked a relamnrls great dlatatinn of bo % the re
1 ance and capaatance vewels Hidralszine (B1 on the other hand cbateda
pronounced dilatation of the reastance v essels whle coneomstantly the dilator res
sponse el the crpacitance vessels was extremely small Sedm rutrate (C) finally
produced only 1 moderate dilatation of the resix ance vessels but a fas more pro-
nounced dilatation of the capacitanee ves els than hvdrafazine. The expeniment
shawn i Fig 1 further demonstrated that the three drugs influenced the capid
{any filtration transfer to o diffesent extent As mennoned above the magmitnde
tn which the increrse in rotal volume (plethvsmographic method) excerds the
inerease 1 regional blood yolume wotape method) isa measure of transcapillary
outward filtration  Tor sodium mitnge (C) there was a dlose comelation be
tween the recorded change of total solume and blood volume in the regon
\ huch indicated that no sigmficant change 1n net filtration tran fer occuryed
Acerylehinline (A) and Ivdralazne (B) on the other hand produced o greater
ncrease of total volume than of blood volume thus demonstraung an ounward
filtration process Foracet Jeholine thusshight but consistent diference could be
wmore easly ween of the mfusion perod 1as further prolonged A quantitatne
estsmation of tins phenomenon 15 most readily obtaned at the stage at which
ihe rems.ance and capacance vessels hase reached 2 steady state dilatation
The slow upward snf of the pleth pluc volume cune
at this stage 151} e a easure of the rate of outward filauon “The filtration rate
s0 determined was sn thus partioular expenment approximately tvice as great
for hydrabazne 2s for acenylcholine This flurd transfer into the extravascular
space 1s related to a decrease tn the ratio of precapiifary o posteapsllary resist

ance as will be divused below
1t was further found that the amplitude of the osallations smdmna:s “;‘ih
lse wave seen in the plethysmograpluc recording Wwere consierably
e o5 of sodsum minte (Fig 1 C) butonly shighly changed

augmented afier nfuss
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Fig 2 Diagram showing the relauon
between the dilator effects on the

[

ydralazine acetylcholine and sodi

um mitnte Fach point represents a
sngle observation of the effects ob-
taned dunng steady state condition
Note that hydralazine predommantly
affected the resstance vessels and
sodwm mtrt~ predominantly the
Capacitance vessels.

INCREASE OF SLOOD VOLUME, (1 1005 ¢

e T%
DECR ASE IN PERIPMERAL RESISTANCE

with the two other drugs Owing to the slow paper speed each osallation cannot
be disunguished here but the d amphitude 1s clearly d d mn
the pen recordng {C) This seems to mdicate that sodium mtrte relaxed the
smooth muscles of the Windkessel vessels which would tend to mcrease thear
distensibality This would furthermore mmply a shight mnercase of the blood
‘olume within the Windhessel vessels which would contnibute to the regional
fapacitance response

The above described general patterns of vascular response for the three drugs
meluding the different reactions of the resistance capaatance and Wind
kessel vessels and the effects on the capillary filtration transfer were obserned
mn all the present expenments Thus these patterns were found both m ex
Peniments where the sympathetic nerve fibres were left intact and when the
Tegon was deprived of its extnnsic sympatheuc control and furthermore
Tegardless of an intact or ehminated adrenal medullary secretion Neither was
20y major change from thus general pattern noted when as occurred 1 a few
€xpeniments the systemic artenal blood pressure decreased slightly during the
nfusions The above described observations mdicate that the vascular responses
chaited were pred ly duetoa heral site of acton of the drugs in the
regon studied

Cne of the more outstanding features of the present study seems 10 be the
cbsenation that hydralazine and sodium mtnite evoked so different responses
from a quanutatn ¢ point of view in the ressstance and the capacitance vessels
Fiz 2 shows the dilator effects obtained at steady state 1 theresistance and
the capaaitance vessels for all three drugs 1nvestigated and includes the results
from all experiments The data are here plotted 1n terms of the mduced 1n
crease sn regional blood volume rersus the Induced decrea e sn regional resistance
represenung the effects on the capacitance vessels and resstance vessels ro-
spectnely Itcan be scen that for each drug the values are grouped ima ©
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um’em marner wish the relatiel gretost offect on tle capaciance vesels
cxeted by sodium mitnte and the relatnvels rreateet effect on the resistance
vesely exerted In hvdralizine For scetlet oline the values are grouped in
({nc intermediate zone Thy general tendency may be more cleasly <hown in
Fi 3 where the mean vafues for all data are indcated Tt shiould be noted that
the diazmam of Fig 2 includes values ¢btained beth when hydralazine was
s en befire sodiurn nitrate and when the sequence was rexersed  The values for
eetylche line represents data obtarned by wnfus n of the drug both before and
afier adminitration of the two othey substances It can therefore be concluded
that the grreral pattem of respanse was 0ot dependent upon the sequence of

ad-munistrat » of the drugs

D:scussion

In recent studies Vriar o ol 1961 Aotap and fonseos 1%3) 1t was
demenstrated that mtra artenally admnytered hvdralazine and sodium nitrite
10 the human forearmn produced a decrease 1n vascular resistance which from a
quanhiame peint of view v as sumifar to the effects obtatned in this tudy on
cat skeletal muscle uvthermare the effects on nan and in the cat scemed to
be well eoordiated 1n ume 1o each other Such obsenvauons may suggest
that the peripheral vascular respunse patierns for the two drugs are sipular in

these two speeics
The results of the present study indseate that the penpheral vascular response
of 1 & 1nfused hyvdralazine was ven sumilar i the innenated and sumpathec
tompred sheletal muscle region wiuch confirms other studies (Stokarp
Wrxmuener and Rept i 1933 Aurap of of 1962) showing that ats diator
effect 13 due predominantly to a dureet action on the vascular month musele
and no gmimanly 1 a penpheral inhil of the sumpath
tore, S milashy 25 experted  the effects of acenlchohine as well as of sodium
e agents known to have a direct penpheral acton were comparable
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from a quantitatne pont of view 1n the innervated and sympathectomuzed
Ppreparation

The present study ind that hydral d 1y diated the
resistance vessels situated mamly on the prccaplllary side of the circulation (1 ¢
small arteries and arterioles) while sodium minte predomunantly diated the
capacitance vessels situated mainly on the postcapillary side of the vascular
bed (1 ¢ venules and vemns) Vhen the amounts of the tho drugs were so ad
Justed as to produce an equal dilatation of the resistance vessels sodium nimte
evoled a capactance response several times larger than that of hydralazme
Furthermore under such arcumstances sodium mitrite seemed to produce a
much more pronounced relaxation of the smooth muscles of the Windhessel
vessels than hydralazmme From this 1t can be concluded that the two drugs
evoked distinctly different perspheral vascular response patterns with regard to
the vanous senes coupled sections within the same vascular bed Theoreucally
such a difference 1n the mode of action of the two drugs may be explained
several ways At present the most reasonable explanation seems to be that the
smooth muscle cells of the different semes coupled vascular sections are
characterized by different degree of sensttivity to hydralazine and sodwum
Nitrrte

As has been demonstrated previously (MELLANDER 1960) and as was shown

i the present acetylcholine produced beside the effects on the
Tesistance and capaatance vessels also a net outward mosement of mtravas
cular flud The h behind this phy has been discussed m

detal 1n the previous communication and will here be mentioned onls briefly
Under the prevailing expenmental conditions of ths study a change in capillary
flud filtration transfer can be explained onlv by a change 1n mean hydrostatic
capillary pressure This m turn must be dependent upon a change 1 the
Telation between pre and p llary 7 Acetylchol thus pro-
duced a relatinely greater dal of the precapillary re vessels than of
the postcapillary resistance vessels or in other words decreased the pre to
Postcapillary resistance rauno n turn leading to a nse of mean hydrostatc
capillary pressure wiich explains the net outward filtration

In comparison to acetylchohne hydralazine often seemed to produce an even
greater decrease of the pre to posteapillary resistance ratio to judge from the
greater rate of outward filtration observed in the present expeniments Sodium
mante o whe ober hard seemed 4o hardly affect the pre 1o posicapilary
Tesistance ratio since its effect on the net filtration transfer was found to be
Ins:gmﬁcam This 1nterpretation may be further supported by the fact that

ly dilated the r vessels {the most important
oncs located lo the precapillary side) while sodnum mlnle beside a shght effect
on the resistance vessels evoked a of the ¢
vessels (mamly pr y and wnall probability including akso the

lary resistance vessels)
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In 1 recent stnds (Ar1an and Jows on 1963) the effects of ¢ o infused
ydrala e 1 d sodim mtnite on the v senlar resistance and the total volume
of the humin forearm were miesugated In companson to soadim nitrite,
hydrdyine was found to prodluce A relatisely greater decvease of the vascular
renstance but 4 relatively stmller increase of the total volume of the forevm
With the technique used 1t was however, not pmuble to make a differentiaton
between changes i regional bload solume and chinges i extravaseular flud
solume which both would contnibute o the anduced changes 1n total forearm
volume The results of the present study are 1n agreement with thase obtained
mmn an that hydralazine produced a relutnely greater decrease of vascular
rowstanee and 4 relitively smalier anercase of total volume than sodum nitnte
Therefore 1t seems Lely that the above described differentiated sasculsr
response patterns in eat skeletil muscle regarding precapillary and posteapillary
reuttanee vesels cxpratince vesselt and capillany filtration transfer will also
be Dund i the human foreyrm duning hydralazine and sodium nimite ad
ministration

Provided the vasculir reacuons abhove desenibed would be the domuinaung
ones asregards the general vasenlar response pattern 1n the systemic eirculation
one would expect that hydralazine should decrease the total blood volume but
hardly change peripheni vascular blood capacity while sodim mtrte should
not sigmficantly alter the total blood s olume but considerbly sneretse peniphieral
vascular blood capacity However one would also expect that i the intact
orgaymsm the induced changes in arterial and venous pressures direetly and
directly by nenvous reflex adjustments might to same extent modify such changes
n the blood volume And ats distnbution In 1 recent study 1n man ( irzap
1963) 1n which changes of total blood velume and pulmeniry blood volume
vere determined 1t was found diat ¢+ ¢ administered sodium nutnite produced
ome sncrease in totad blood volume but simultincously 2 relatiely much more
yronounced increase of peripheral s ascular blood capacity An equihypotensne
lose of 1 ¢ admimstered hydmlzine produced « shght decrease of the total
lood volume but 1 lent decrease i penpheral vasculir

sly n eq

slood capaeity probably caused by v reflex consineuon of the capacitance
‘:;s’\ilincnuoncd 1n the introduction the hypotensive cffect of mtnites 1s due to 2
reat extent to a decreased cardine strohe volume whereas the peripheral vas
;u]n yenstance 1s but shghtly decreased It has previously been suggested on
Jie biasis of more or less indirect evidence that the reduced stroke volume s dluc
o 4 decrersed “enous return depending upon an increased penipheral \:Lsc:l :;
soad capacaty This study an which the peripheral sascular response patte!

s im estigated by a more direct approach seems to provide further evidence

thesis
PR ofths B s a potent dilator of resistance but not

t finding that hydralazine 1
l'g;fal:lc:::c \lcsscls may help to explan why this drugon the intact organtsm
0
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produces a pronounced decrease of peripheral resistance but an increased stroke
volume This Iatter effect may be a consequence of the effects of increased
actwaty 1 the sympathenc nerves to the heart {see Mover Hanprey and
Hucains 1953) in the face of no change or even a decrease 1n peripheral vascular
blood capacity

This study has been supported by a grant from the Swedish Medical Council Sweden by a
grant from the National Institutes of Health Bethesda USA (H 56/2) by a grant from the
School of Aerospace Medicine through the Furopean Offce Aerospace Rescarch United
States A r Force (AF BOAR 61—47) and by a grant from Magnus bergvalls St fielse Stack.
holm Sweden
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Studies on the Excretion Mechamsm of Serotonia
(5-Hy drm:ytryptamme) 1 the Chicken Kidney
by
FRUAND Saxsrn
Hee ANEE Deermber Yo

Abatract

SeseR F Sader on B #u1e son mackaugm of sert mn | Shedrory
rrfraving wntke chi hem b 'ney Scta phvsiol seand 1903 58 330 - 341
= Serotonin st a d ne of 150~ 00 srg was iy c1ed nfo the leg vein
of the chacken tog ther with phenal red and solazolin - Al birds s re
preereated with a NAQ bl oy (JB-316 Cayen 0 The wbubar
excretion of terotonn v as unhabutee by smuleanee oy sdmmnestration of
tolavcfine at a dose af 4— 1o my into the leg vem 1 robrneesd ata dose
of o mg ke given 1o th wing san [ hour prior to serotomin —
phenol red iyections gave a strong intubition of phenol red excretion
but 1cft the serotonin excrenion unchanged rom eresel green it 2
dose of § mg cavsed a speest ¢ inbibition of phienol red transport but
( & serotonin tramsport upchanged Cranee dive #8563 g dose of
2 mgdid kbt th ¢ rotonn tranport hut such 2 Wig dase 3dsa u er
eredt with phenol red transport capaaty Smaller doses of vamne
dae gue a werk inhibaticn of serotonin transport and did not alter
the phienal eed tranyport 1o ans great extent Reserpine did noy inhie
cither serotonn ar phenal ted trapspert pH of the chcken unne
M no>t anfluence the exerenon of serotopn

It has been recemly shown in the clucken that seratamn (o lndroxyirypt
uningy 15 exare ed b wn @ e wbular exerenon mechimsm 93\ R and
AW orT 1562 In order to study the nature of this excretion mechanism e
following 1y estigation has been done The tnsport mechamsim for scrotomn
e1n obviousty be the savee a8 rhae fae mams ses Trwas veny nnprobable that
hr pramsport mechnsm fos aauds (phenol red system) could 1o be imvolved
Pt for cumplc(cncxs s was abo sested  [n an earfier work (Sanaer and
Ay orTaas 1962) 1t 1s mentioned that the transport mechantsm for scrotomn
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mght possibly be intubited by teerpine and thus there could possibly be one
transport mechanism common to many bases and one transport mech2msm sen
siive to reserpine inhubition In order to settle this question some of the expent
ments were performed on reserpine pre treated birds The mfluence of the pH
of the chichen urine on the excrenion of serotonin was also tested

Material and methods

The general procedure was essentally the same as earlier described (SAvvEr and
Worniay 1962) Campbell s mod:fication of the onginal Sperber technique was used
(Cavpeerr. 1960 Srerser 1949)

A Aumals Rhode Istand Red chickens about two years old weighing 2 0—3 S kg were
wed They were kept on commercial chichen food and fresh water ad Libitum Gener
ally the birds were kept fasting over night before the expertment The birds were
unanesthetized and kept 1n siting position during the expenment Small plastc funnels
were sutured over each ureteral orifice under topical anesthesia {5 o Lid tntment;
The funnels were 1rnigated with a constant flow of distilled water at a rate of 0 5 mi/mm
on cach side to prevent clogging of the funnels by uric acid The unne was collected
from cach mde separately According to previous expertence only birds pre treated
with 2 mono amine oudase (MAOQ) mhibitor can be used 1 such a study because of
the fast breakdown of serotontn by the MAO 1n the chicken kadney The substance
JB 516 (1 phenyl 2 hydrazinopropane  Catron® Lakeside) was therefore always
BIven mto the wing vern at a dose of 10 mg’kg at least 1—2 hours hefore the start of the
injections That this dose mhibits MAO to 100 per cent n the rat has been shown by
HoriT4 and McGraTa (1960)

B Solutions

@ Serotorin Serotorun creatmine sulphate (Sandoz) was provided m ampoules con
faning 10 mg/ml of the complex All serotonin solutions were prepared on the day of
the experiment by diluting with recistilled water to 150—200 pg/ml (pH = 7) The
serotonin solution was shown to be stable at room temperature for at least 18 hours
At 26 hours the serotonin activity had fallen somewhat

5 Tols olime Tolazolme (VasoddO Leo Halsingborg) was dissolved m 09 per
cent saline to contan 1 000 ugfml (pH — 5 6) 5000 ug/ml (pPH = 5 4) or 15 000 pg/m!
(pPH = 5 2 respectively on the day of the experiment

¢ Cianine die The eyamne dye ff 863 (1 ethyl 3 6 -dimethy! 2 phenyl4 pynimudo-
2 cyamine) as dussol ed 11 09 per cent saline to | 000 gg/ml or 2 000 pg/ml on the day
of the expenment

d Phenol red and brom eresol green Both the solutions were preparcd 10 09 per cent
saline to contain 1 000 gg/ml (pH 7

€ Reserpne Serpasil> (Giba Basel) was used from ampoules containing ? 5 mg/ml
GH = 4,

C Injection techmque

Leg e ampections Generally 400 p1g or 800 11z of phenol red (0 4 or 0 8 ml respect vely)
vas myected mito one leg e of the chicken at the beginning of the expenment Those
ver few chick ns that d d 10t show 2 vaeible excess rxeretion of phenol red on the 1
jected side + ere discarded The ingeciions of seroton n were made snto the I g vein
‘toxether with phenol red and tolazoline (at most 28 ml; All soluvons were mixed
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theamay ri rexceptanafew evpensmn e fre 338 4,7 ut
e £ T 3 warineerd ) tn lb"lr‘,‘: arin l(n before :lw“ri:rrlc::(»;:xl:-c ;::‘::\:
S(,:.rﬂf;;:» ",}vai:‘l 304 919 rewsp ¢ war sl ipecte t iatn e g wern gust

Tielg \n: mectiory nuull: L ri8for3m nartuecel lipmedtn 5 trn colfechion
penalef 320w a At bant “Cmin elaprd brteen mvore inprenon. Generally 3to 4
IT ey mere mads o1 O e g1 fen

Hegeeat neer fnlepenmerts ¢ 430 449 l0me Y or 0 pag k2 totazol pe
v weiinely wasang cted gn one wang s 0 ) Lo el xe the maun expertnent Tn 2
2ovrments (n) 433 441 probenen ] ) mr ki wat sevetsd 1nto the wing sran }
Bonar bel e the mam expeneert 1n 2 rxpermentylns 52 464 threck ket waser o
w o saodiam bacarbonate ar o th e sang v an ord £ o produc 3 heu ral orshgtily
altalir unine TVe bods were primed with 100 me ke a e Wotarbons: T3 meaficr
about [0 yr 1 n was iofuvd o rougtout the eprment In order 10 achioe 2
1 aly state 3T run was allomed befre sh g aron sy et Yo one o thow burds 2o
30 ke & eta20'a 1 1w pinen systemirally before 1f ~ serotonim g ol red njretion

Ihramsw'e o at w1 Resypine ) maky was g e1md an tbe pectors) s muscl
{71 Thoun bef e the mam expramertin ? exprametts (oo 417 433

€ Covt pen gf snne The diluted b scken prin was ecllentad a1 20 puo perods n
tex 1 tubrs contaming £ 0 mi 04\ gerct loric acid m order 10 3tab ! ze the drrotonin
In mspruments whach ancluded pH meavusen o1y 5y peretlone and was added 10
e ruber The additon of perct e and was aho Latrr shown to be unnrcosan by
thr { luming experiment

Two srrotomin solutions of 4 e il were prepared i diutsd dicken urne and kept
in the refagerar at -~ 4 C Jo one of them 1 0 ml of 04 N perchionc aad per 10 m!
didated churken unne was added These tno solutions were analvaed lor their serotonin
rentent and were shown to be stabls for 17 davy and then the serotomn actnats fell sbov

squalls 1 both the o tutiony

9 Anelyss

@ Serooma The analyses for wre fonin were made suh & madification of the cxtraction
et ods desenibal Iy Uppsrrizsd W rroasoy and Grark (1953

1) 2 m! of diluted clucken urme with @4 N perctlocc aeid in the approumate
proportions of 13 1) was added w0 40 1 01 N\ hydrochlone acd

2} pH was adgusted to [H 10 with = tzmall amount of water free sodim carbonate

3y 5 ml borate buff ¢ (pH 10 way added and redistillrd water was added up to 15 m]

volumr
1) > g wxhium ch onde and 15 ml butanet was added thrn shaken for 10 min and

centafuged at low specd Far 5 min
5} The water phase way pipetted anay
6 The remuniag butanol phast was 23dnl to an equal amount of borate buffer
haken for 10 min and centnfuged for > mun
! 7)(;‘0 ml of the butanol phase »ay 1sansfesyed it 2 flask contatmng 20 mi heptane
and 1.5ml 0} N\ hadrochlonc acid Tt was shaken for 10 tun and cemnluged for 5 mn.

o water phase was transfrered wto 3 cuserte contamng 0 3 ml
OO o aest The s ed a1 300mys and the fluotescence

f conc hydrochionie and  The solutions were actiat
. ::o:'.\d |3| an \ 1 Peirop ter at 30 mpu
" Recorery cxXperiments were performed by prepaung scrotonin solutions n diluted
chicken unine at concentsations from 05 pig l—6 Q@ gegfinl The average l’?t;‘,D\ﬂy was
106, per cent an 20 determunations (32t each levelex ept for 05 prg/ml where 2 deserm:
nations only were performrd)




Table I Tola.oline expersments

SEROTONIN EXCRETION IN CHICKE™

A Tolazole wing vem.

333

Expt | Injected dose ATEF 100 Recovery per cent | Iny
no of dose ume
(o)
SHT | Ph.Red | Tolazohne | 5HT |Ph Red |SHT |Ph.Ped
1 He —1 bour
leg vem | leg vein | wing vemn
49 — 800 — — 429 - 775 5
200 800 - 178 434 178 742 | 6
200 200 10mgfkg | 551 503 | 561 816 7
40 - 800 - — 200 - 678 5
200 800 - 365 137 | 426 69 | 8
200 800 | 50 mglkg 35 77 44 674 | 6
B Tolazolme leg vem.
—_—
Expt. | Injected dose ATEF 100 Recovery per cent | Ing
o, Hg leg vem of dose ume
SHT | Ph Red | Tobmohme | 5HT | Ph.Red | SHT | Phred | O
—_—
413 150 400 - 334 178 334 62.1 8
150 - - 394 - 394 — 8
150 400 800 398 328 08 684 8
- 400 - - 306 -~ 733 8
Hl - 800 - — 221 — 663 3
200 800 - 562 193 568 714 3
200 800 1500 33 243 331 74 3
200 800 5000 123 279 143 705 3
42 - w00 - - 154 — 613 3
200 800 - 335 277 294 611 3
200 800 5000 64 166 64 510 3
200 800 15000 13 919 43 537 3
4 - 800 - - 190 — 699 3
200 800 - 343 404 384 505 3
200 800 5000 76 120 2 602 3
200 500 15000 78 230 78 635 3
\Mean
{no of
determ)
(5) - £00 -~ - 239 — 686
(%) 200 20 - 357 289 292 648
It 200 200 1,500 3 243 37 "
(6] 200 800 5000 88 .08 106 €06
» 00 200 15000 61 215 61 586
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= { Ozl
o 290§ 1,000 A g
Mean
{nref
detenn)|
) - £00 - 79 48
»
;,,; .,“,:: F/f: - 467 to [ 515 [ ™)
& ~ | Omgig 12 14 47 M6
[tH 20 806 15000 9 | -18 13 185
b Plenstert

The phenol red was metsured colometnealls at an aliatine pt{ When phenol red
s 1 the only dye ingected a Zep Flio phatometer v as used ata s ave lengthof 550 mu
(kdter 5 5358) \When brom cresol green \ as tnected together with phenol red the
extinction of phenol red was measured 1n a Beckman I spectrophotometer at 562 mu
(uncorrected apparatus saie i order to be able to distngunh between the two dies

1n the sample

The cxcretion 15 gven as the appwrent wbular excrenon feaction (NTET) according
to Srramer (I960) [he difference ben een the amounts excreted by the ipsilateral and
the contralateral kidaey divided by the dose ijected s taken 13 a measure of the tubular
excretion of the myected substance (VIEH)

Results

1 DPhenol red gizen to normal chickens
In norml chickens pre treated with JB 516 phenol red 1t a dose of 800ug
ingected 1nto the leg vem goe a mean ATLY of 269 429 % (12 expts)

9 Serotonin — phenol sed sngectrons to normal chukens
In normal chickens pre treated with JB 516  erotontm at a dose of 200 six
gasen together with 800 pig of phenot red into the leg van gave 2 mean ATLF

of 338:432%

for the scrotomn and 262 + 289, for the phenol red (14

cxpts ) Thus serotonmin did not interfere with the exeretion of phenol red m

the dose rnse used
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Table I Brom eresol green experments

Espt. | Injected dose, ATEF 100 Recovery per cent | Iny
no fg leg vem of dose ume
2HT |PhRed|Brar |5HT |PhRed|5HT |PhRed| ™0
—_— green
46 200 800 — 202 135 "31 618 3
200 800 1000 | 204 13 26 547 3
- 800 - - 269 - 838 3
- 800 1000 - | =19 - 508 3
467 - 800 - - 132 — 80 3
200 200 - 155 79 24 638 3
200 800 1000 180 | —05 189 728 3
- 800 | 1000 - 51 - 637 3
49 — 800 — - 7 - 833 3
200 800 — | 400 226 450 82 3
200 300 1000 | 332 58 395 72 3
- 800 | 1000 — 53 - 770 3
Mean
(no of
determ)
3 — 800 - - 243 - 840 3
9 00 800 — 252 147 302 73 3
3 200 800 1000 239 22 270 666 3
) - 800 1000 - 28 - 65 3
—

In experiment no 433 the excrenon of serotomn alone was compared to
that of a muxture of serotomn and phenol red Here 150 g of serotonin alone
gave an ATEF of 39 5 % and when the same dose of serotomin w1s gnen
together wath 400 gg of phenol red the ATEF was 334 9, for serotomn and
178°, for phenol red Thus phenol red did not have any wfluence on the
tubular excretion of serotonmn 1n the dose range used

3 Tola oline experiments
2 Tola oline green nto the wing temn

Tolazolme at  dose of 10 mgfkg guen wnto the wing vein 1 hour before the
€Xperiment did not inhzbit the tubular transport of either serotonm or phen®!
red If anythung the cubular excreton of serotorin increased 4y ot do e ©
tolazohne (expt 10 439 Table I A)

IWhen tolazoline was 1N ER mto the wing vein at a deg
before the injecuons both the seratonin and phenol yeq
rohbied Recovery of serotonin vas low but that of 1

1A
ever (expt no HO Table 1 A)

nour
ngly
how

¢ of 50 ma3s !
transporg v cre 57
henol red norm®

e ot veand Vol. 58
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SHT | MRed [ Grarne [ S0 | PuRed [ LU | P Red | ()
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My b 15 370 3
: 2 1 29
o0 | 1000 .7 322 2i ﬁaa ’3
1 2 i - - L1 -~ e 3
»ﬂ €Y ~ a2 3. 2 €19 3
4 £ i 600 28 335 3 €36 3
of ~ i - 184 - 203 3
et e ~ g T 138 09 3
209 g0 | 200 us 8¢ =19 60 3
Mean
(nncf
o term}
o - £00 - 93 - 743 3
3} 00 800 S14 89 35 82 3
% " 800 1000 33 330 M. o8 3
(131 00 it 20 (3] 84 219 20 3

b Tolajcline gieen wto the ke pemn

When the tof1zoline sulstance was ad!
with serotonm Ahd phenol red he following results were apparent
of 800 pg (duning 8 mun) tolzoline did not gne any alteration of eiher sero~
¢enol red excrenon {expt no 433 Table I B) Atndoseof 1 .00ug
ninbutron of serotonsn transport was

munstered inte the leg vomn together
At a dost

toma o ph
of tolazaline (ingecuon time 3 min) a small v
produced (expt no 44,

When thie tolaroline dosc w13 inereased to 5000 pig howeser there wasan
almost compl fuk ofthe twransport {mean ATTE =28°%q)
but phenol red cxeretion was not infuenced at alt (3 oxpis )

In 2 expestments the dose of tolazoline was increased to 15 000 p1g and this
pmmolcd of possible a8 ehen greater imhibstien of serotonin exeretion {mean
ATIT =61°) but ~lso here the phenol red excreton was feft unafMected

4 Probercad expeniments
b wato the wing ven 1 hour hefore the €<

Probepecd a1 3 dose of 50 mgf
prament gave a deep mhitwtion af phenol red excretion but left the serotomn
excretion unchanged (2 expte) One such 2 probiencaid pre treated bird was
nsed for an cxperiment % dose of 15 000 pg wasinyected into

Yiere tolazolne 2t a
thelegran together with phenol red and serotomn Here the scrotont excretion
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Table Va. Reserprne expenments
1 mg kg reserp ne was myected 1 m. pectoralis 1719 kours before

Expt. | Injected dose ATEF 100 Recavery per cent] Tng
no g leg ven of dose ume
SHT | Ph.Red| Tolzo-| Cyanme| >HT |Ph.Red| 5 HT | Ph Red | (™
lme
4 - 800 - - - 182 - 685 3
200 | 800 - - 292 | 223 | 33 744 3
200 | 800 | 5000 - 147 | 349 | 19¢ 8 3
200 | 800 — | s00 192 | 32 | 3+ N4 3
3 — 800 - - — 306 - 193 3
200 | 800 — - 7 | 178 | 365 567 3
200 | 800 | 5000 - 120 | 2% [ 157 82 3
Mean
(oo of
determ)
2) — 200 - - ~ | 2 - 739 3
) 200 800 - - 310 216 39 626 3
(4] 200 800 | 5000 — 136 322 177 780 3
m 200 80 - 300 187 312 314 e 3

was strongly mhibited and the phenol red excretion remared at a low value
(expt no 445 Table II)

5 Brom cresol green expertments

Brom cresol green at a dose of 1 000 ug (during 3 min) was injected into the
leg vemn of the chicken together with serotonin and phenol red Here as in
the probenecid experiments the phencl red excretion was strongly mhibited
but the scrotonin excretion was not changed (3 expts  Table 1)

6 Cyamne dye exbeniments

The basic cyamne dye # 863 was given into the leg vein just prior to the 1
Jections of serotonun phenal red into the same vein In 2 experiments ¢yamne
at a dose of 1000 g gave asmall inhibition of serotomin transport but did not
alter the phenol red transport In one expeniment cyanine v as given at a dose
of 2000 yig Here the transport of serotonin was somes hat inhibited but the
phenol red excreton v as also clearly depressed compared to nermal controls

(Table 1V)

7 Reserpine experiments

In 2 cxperuments (no 147 433 Table V \) reserpine | mg/kg wasgieninto
the pectoral muscle 17—19 hours before the main expenments The mean
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scrotonin AILJ 1n these two reseTpunte pre treated birds was 31 0 © as apatngg
338 4 32°% i 12 non reserpinized chickens Tolazoline at adose of 5 000 g
was then given together with serotomin and phenol red anto the leg vetn Thas
procedure gne excretinn s alues for <crotann wiich vere smaller thn normat
controls but the inlubiion Certunly was not stronger than In nonrescrpimzed
cluckens

In wne reserpine pre treted bard (expt no 447) the basc ¢yantne dyve # 863
was spjected tto the leg vemn 1t 1 dase of 500 pg together with 200 uig sero-
totun and 800 sig phenol red Tius possibly gave a small snhilntion of serotomin
excrenon The phenol red excretion was an the same range 15 1 the previous
syeenon with tolazoline m the same bira [Table s A,

In 2 expenients (no 510 511 Table VB) 25 mg reserpne was wyected
w1 one eg vein Just before the serotonin and phenol red ijections mito the
same 1t v Tl uy v dure was dered necessary because of
5 tendency of rescrpine to precipitate 1o the syringe together with scrotomn
and phenol red In one carlier expeniment (no 506} s« here no such precapitation
cotld be obsened 20 my ststrpre s wyected 1ato one leg vein together
wath 200 yg The resultsdid notshow anvinht f: phenol

red transport by reserpine In one experiment (no 519) reserpine at a dose of
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Table V1 Expersments wth alkaline unne

Expt |Injected dose, Bicarbonate | ATEF 100 Recoserypercent [ pH ot [Iny
no o leg ven wing vem of dose urme time
! (range) | (oin}
SHT |Ph Red 5HT |Ph Red|5HT |Ph.Red

462 200 800 - 230 37 225 758 | 5257
200 | 800 |10mghel | 302 | 380 | 417 | 929 [6477| 3
mmn

w

4t | 200 { 800 | — 147 199 | 200 | 713 [o4-57| 3
200 800 | 10 mgkg/ | 136 115 120 712 | 75-80[ 3
mun -+ 5mgf|
kg Diamox

75 mg was mjected into one leg vem just before the snjection of seratonin
Phenolred Noteven here any reserpine induced inhibition of serotorun or phenol
red transport could be observed (Table V B)

8 Experiments with alkaline urene

By infusion of 1sotome bicarbonate mto the wing vesn at was possible to attain
aneutral or shghtly alkaline urine The pH of the diluted chicken unne which
normally was about pH 5 5 was increased 1o between pH 6 4—7 7 after mnfuston
of 1satome bicarbonate In one expersment where also 5 mg/kg acetazolanude
was injected systermeally together wath the bicarbonate the pH of the diluted
chicken unine went up to pH 80 The results (see Takle VI) did not suggest
any pH dependence of eather serotomun or phenol red transport No attentpt was
made to collect the umne under anactobic conditions This was alio
considered unnecessary by Livpaur and SPErerr (1928) since the buffering
capacity of the uric acid was considered to be rather high

Discussion

Serotonin 15 most probably excreted by the same transport mechanism as
are many bases The infl of tolazal ly «hows a competitive

nhibition of the serotorun excret>n The blood flow rflh’c ladney was probably
not decreased when the substances were injected into the leg vein as phenol
red excretion w1s not depressed An attempt was made 1o mbilnt the wransport
mechamsm by gnang tolzoline systermeally as with probenead This did not
gueany effect on the renal fransport at a dose of 10 my kg, or possibly promated
an increasc of serotonin ranspart This was prob ibly due to the Fust cxerett n
of tolazohine as has been shoy nin manandan the d ¢ by T romr Arosow and
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ASTIROD (1922} When bowever 50 m ke tolare hine was mjreted sistemically
bath serc i mn and ¢ hen ol sed excret m were decreased rrabably as a reflec
tom cFaaorotor diturbances or possbly a toxe effeet on the renal tabuley
Tiese experant ents 11 2 way Mustrte the aperionity of the Sperber techinique
where sulntances can be injected lmest directly into the sntertubular cyplianes.
Brabenead promoted a strong 1n hibat n of phenaol red transport afier a sung
scin anjecnon  hour presiotsly but left 1he serotemn exeretion unchanged
When te Leroline wis Lere co-admsstered 1n the Jet, semn both pl enol red and
seratorin (ranspert swere anbilated
Brom crewol green oruld aho imlubi phenol sed exeretion bat 1he exereon
«fserotcmn v v obvsowsh not apfluenced
The evamne dhe expeniments panted to 1 ubulr inlubiton of the hace
transpart but thiy inlubution seemed to be weak and of low speafiaity since the
higher dones of ¢y anine 3o anfbited the transport of phenol sed probally bs
nterference with the cellulir i errbolsm of 1 £ renal tubles
If there realls were a trimpart sustem ensitwe (o previous treatment with
teserpune the ATEE salues for serotoum in these pre treated birds would be
smaller than in non reserpinized talrzoline controls Itus was not apparens On
the contriny the inhibiuon by tohz fine was here of nything somewhat less
thin n the non reserpunszed Inrds
When reserpine w1s tnjected suto the leg ven together with serotoun or just
efore no inhulntion of serotwmn transpart could be obseried
Thus rescrpine did riot tnfubst the <erotomn transport
T'he tubular exerenion of subsances may be influenced by the pH of the urine
wang, a non 10ome Giffisicn of bases from the neutril pentubular Wlood into
1e acid tubular lumen theseron 1939)
The present results did ot mdieate any pll dependence on the renal thulae
excretinn of serotomn in the clacken
Thus erotonn s transported an the chicken tubule by the ordinan orgaric

base system
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Studics on the Reactions of the Cutaneous Vessels
to Cold Exposure
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Abstract

lotkow B R H Fov J hroo H Oprerawand O Tnory
Stad o1 01 £t veactions of the utaneods cessels by old exposzre \cta physiol
scand 1%3 58 $i2—354 — Some inter relationships betwcen the
mechanims responuble for the vascular responses to Intense cooling
have been studied in cats and i man The results suggest that both
the matsal intense blood fow decrese and che subsequent cold vaso-
dilatation are complex in natare cach appearng to depend on a
number of quite diffcrent mechansms which are briefly duussed
There arc good reasons 1o assume that the telitne importance of
each of the mechanisms 1n -olyed may 1ar considerably depending
on the arcumstances and hat under certin conditions one of more
may cien be eliminated without changtng the trend of the net

Feponse

1t 13 a well known phenomenon that shin vessels first exhulat 1 constriction
when exposed to cold with a subsequent vascular relaxation — the <o called
cold vasodilatation ~ 1f the clulling 15 itense enough The mechantm for
these vaseular renctions s stidl fir from cletr though « numbier of studies hase
contnbuted moch 1o the cluadation of same of the factors imvohved There
15 evidence mdicating that the reaction m1y n fice be very comples
volung 1 number of factors which re sometmes addine n their effects and
sometmes counteract exch other In the present expeniments briefly reported
elsewshere (Foraow el 1960) an attempt has been made to anafyse the inter
relationstups of some of the factors imvolved 1n the mtial vasoconstrictor re
sponse and the subscquent cold vasodilatation both in the paw of the cat and
1n the hand of man
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Methods

Ttogether 15 were performed on cats The anumals were anesthetized
with chloralose 60 mgfkg and urethane 100 mg'hg after induction with ether Blood
pressure was measured 1 one of the carotid or brachial artenes For the study of the
reactions of the skun vessels the blood flow through one of the hund paws 1 -as measured
For thus purpose the big saphenal vein was exposed at the level of the ankle jount Other
tutaneous vewns at this level of the hmb were hgated 1 order to direct as much as
passible of the venous dramnage of the paw to the big saphenal vemn After hepanniza
ton, the big saphenal vein was ligated and cannulated 1n s distal direction The
enous outflow from the paw was then led to a closed optical drop recorder operating
at ordmate wnter From the drop recorder the blood was returned to the ammal
by the cannulated central end of the saphenal vém or by the way of the femoral vemn
of the other hmb

The saphenal and the saatic nerves contamng the great majonty of the vasocon
strictor fibres to the vascular area studied were cautioush dissected free above the
kmee yount ‘Thin Ligatures were placed loosely around the nerves so that the paw ves-
sels could if needed be casily demervated m the course of the cxpenment by cutting
the nerves Tn a pumber of eXperiments 1 which direct stmulations of the vasocon
strctor nerves were performed together with 1atra artenal injections of vaso-actne
drugs the abdomen was open d i the mudlme and the big and the small mtestines
were extirpated leaving the Stomach, the duodenum and other zbdomtnal organs
Infact A cannula was wmserted m the central end of the inferior mesentersc artery for
! A injections The abdomunal sympathetic trunks were then exposed at a level of
L3—1L5 and 1n some of the expermments the trunks 3 ere Ieft mtact to start with In
other the symp trunk supp! the Lmb was centrally cut caw
twusly exposed and freed to allow direct graded stumulations of the vasoconstrctor fibres
at a level of L4—L5 where all preganghomc fibres have reached the sympathetic
trunk but where practically all the fibres fo the paw are sull present Square wave
electrical stimulatsons were performed using a Grass shmulator model S3C Usually
a strength of 4—5 volts and a pulse duration of 5 msee were utilized Which 1 earler
©xpenments have been found switable to wduce an exatation of all the sympathetic
fibres contamed n the menve tnmk. The frequencies used vaned bets een one impulse
€ach 4th second and 10 mopulses per second

To allow rapid cooling of the paw a small water bath contaimng stirred 1ce water
Wis 50 arranged that the pa v could be immersed In somr expeniments the paw was
sunply embedded 1n cotton wool abundantly toaked with a cold muxture composed
of a saline solution just below 0 C A thermometer was placed near the paw and the
cooling soluuon was repeatedly added to the cotton wool surrounding the paw to kecp
s temperature close 10 zero degrees The arrangement was found to 1nduce effective
cooling To measure the tssue temperature of the paw a needle thermocoupl. was
tuserted 1 the subcutancous Ussues between two of the pads and the tssue temperature
was recorded contmuously bv means of a sensitive galvangmeter

In some of the experiments arrangements were made to allow cool ng not only from
the outside of the paw but also cooling of the artenal inflow The femoral arterv was
then divided and 1ts two ends connected via cannulas with the ends of a thin + alled
metal tubing with a g surface area and a Jow flow resistance which was rmmerse t
1n a cooling bath. The artertal blood flow to the hmb could thent be effecuvely corl d
dovn towards zero degrees and its temperature measured by a ncedle th rmocouple
nserted into the tub ng clost to the d stal end of the artery The col I venous return
after ha ung passcd the roP Tecorder was Jed through a s milar device tmmersed

in surred water at a temperature of about 40 C. The rewarmed venons hlood was
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ol n g am ven Ty vons m:}l ::;;-:,::)ul} \rﬂ.;l 307 tha prepars snm the reactions
8106 7 gerers in the vavustar peactonn or f o7 call Puscles m ordre 10t al pon
B alor wos o b o n ront zm;n- eLibe two ts 3y 10 o' L When russcle Blood
ba L e ar satased ir €A m wfes were cautionsh skimned after 1 - paw

atrd The v oscles wert thon wak § vt N
3730 € g by & thin pul ey e o wath Terode sol stion and protected
®a of icr wateranabed o ton wen! mm!' 1’ £ pote cor 7 s pabed by
ol tse war meared T oo '?t (}rwn brd abone The tarperature of e
Tecatne of e fasly bug rrincle poa v vee  oge e eoed iy it drep psto the calf
thent Baf e geteniaf in o wan aho (rxtl:l methm sl Loger than - g o
went -
g s €3 buran expere tere performdon 12y0unet el sty s
PAR s ocelune n p it vy rocrag hue methe § for recording Pand blood
water tem 'v’t; ‘r:"r:l:"' o ':"d Pl thysmorapts s ere used 1n which amy desred
e l‘ . urtounding the hands coutd be mantaned over the raner of 10
- “"—r ;: (lh: ‘l:\nl!b temprratures the plethvimonrap hs were flled rapdhy with
v Yo oy € temperature coul! be dropped sud lenh to about -3 C
. :):{' it ects tested comfortably in a reclimey pooture and were mtialh warmed
ith Elanketsin a roem at L3-24 (Lm0 as 10 reduce the snutial svmpathetic vasocon

stactor {hre attinam it WLin 16 very low $erels. Dhe bisod fow i the Jeft hand was
uted as a control ard o detect anv gracralized refex vasomotor changes induced by
exporg the other hand to sce water The 3 lethvimograph temperature was dept
around 35 € o roughout the expriment Locath induced vascular reactions and the
superimpmed reflex vasomator adjustments produced by rapdh Jowening the tem

Prature to 2—3 € were measured 1n 1t e pehe hand after a control penod dunng
» huch the plethysmograp b temperature had bren Lept ar 35 C. Wath this technique
1t was powble to follow both (b immediate yasoconstnctor response (o cooling and
abo the sulrequent cold va oddatation The cffects of vaw-actn e druss nerve blocking
and hutamine blocking subvances on the vaseular reacuons 1o cold i the nght hand
were studied by admine tening (! ¢ substances to the hand through a catheter mtroduced
1o the correrpond ng brachial arters I this way 1t was possible to studs the changes
wn sasrular reactions to injections of noradrenaline before and during cooling and also
10 1m otigate 10 what extent nerse blockirg agents like xylocaine or histamine Blockang
agents like neoantergan afferted the development of the mital vasoconstrictor response

and the subsequent col | vasodilatabon
Results

Faperymerts on cats
and the sub, cold tasodil

Tte deeloprert of the imtial q
In pricucally even cxpenment it was obsen ed that the result of ice water

cooling was a constnenion of the paw vessels this was usually slower 1n de
n tn man The vasoconstricuon was found both in limbs where
bres were mtact and mn acutely denervated

seloping thay
the sympathetic vasoconstrictor fi
see Fig 1) The extent of thus mtial yasoconstriction was generally not
¢ 0 the two limbs 1n anesthetized ammals Tt should be remem
csta 15 known to interfere with the hypothalamic
efore probably also wth such reflex adjustments
layed at the hvpothalamic level In the expent

Jimbs {;
very differen
bered howerer that anesth
temperatnre contral and ther
of the shin vessels that are re
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Fig 1 Anesthetzed ear 35kg A com
parson af the vascutar responses 1o m

consty ctor response 16 not larger 1n the
nomally yunervated paw indicating that
ltd o no reflex vasoconstrction 15 1
duced m the anesthetized antmal. Due
1 the somer hat more p onounced 1utial
1 of the normally innervated yossels
the supsequent ow mcrease 13 relatively )
prore marked though the abuolute fow A S At
h{‘::nchl:dma: ;hg;gnk of cold vaso~ PAWS 1 ICE WATEW

ments on man described below there was 1 d ofap ed
reflex adjustment superimposed upon the locally released vasoconstriction this
# llwirated sn Fig 4 After 3~—6 nun the pav vessels relaxed and a more or
fess pronounced rold vasodilatation was geperally scen The vasodilatation
deseloped refatinely slowly and never with the stnking suddenness sometmes
sten i the human hand In some experiments a typical though smafl hunting
feacunn was also obrerved However once the cold vasodilatation was estab-
lished Pprolonged penods of intense vasaconstricuon never recusted i tht cat
The extent of flow mcrease 1 the cold vasodilataton was generally most
Prongunced 1n the expenments 1n which the minal vascular tone v as Tugh
Probably due to a tome vasoconstrictor fibre influence fsee Fig 1) althuugh
the level of blood flow At the peak of vasodilatauon was then also somewhat
lower Cooling the arterial inflow did not produce any obvious gualitanne
difference sn response except that the iminal vasoconstriction Was more an
tense and sometymes more protonged

The blood vesscls of the calf muscle also responded with an imtal raso-
fonstriction to cooling and 1n some exp a defirute ch fol
lowed after 10—20 tun  this was also observed after the blood vessels had been
acutely denerated The increase in muscle blood flow was howener only of
the order of 2030 °, and therefore very small compared with the 3—5 fold
increases that can be tnduced at normal nssue temprrature by 1ntra artenal
wyections of a \asodilator agent such as acetylcholine Nevertheless the vascn
{ar relaxavon and nidemng with coghing 15 probably far greater than th




3
ROICLYOA 1T AL

pis )
bbb f"’::_:_’:‘m‘:: 2 -|~~ll o s arterial st on of noradrenat 1 st 30 Cand 10°C
IO Y 1 eonstnctar § k]
v nceer £ ore 3t =y 222 w nor
217l ne smoctaon a1 gedd serdd U ahout the saree it b ‘OL:: m an

2 f
Fe 2 Awmsbrtsrdeat 30e Acur aron of saweons ncior effects cated by | ne fregq

blnod changes indieate becatse conling 1l increases the viscouns of the blood
to a conudetable extent Thn facter must also be corsidered when evaluating
the extent of the ccld vasodilatation n the shin

Thus these expenments indicate as could be cxpected  ¢hat the skin of
the €xts paw and 16 1 lesser extent the muscle blood vessels il con
stnetand later dilate an response to cooling both when the nenves 1o the region
arc mntact and alo when the preparion 15 acuteh denenated In the paw
these reactions can be ntense and fluctuations 1n flow indiciting the hunuing
phencmenon (Lrwis 1930 have been olsened

The sea tions of the biood essels 1o 1os0arts ¢ drv 5 627 10 comsiniclor fbre stimala
i n &t diferent terpertures Trgure 2 yllustrates an expeniment i which the blood
flow from onc of the hind pas 3 w..s recorded and the effects of direct electrical
sumulition of the constrictor fibres and 1 a tyections of vaso-active drugs
were studied In the first part of the expenment shown m Fig 2 when the
paw temperature wes about U C oven low frequency sumulaton induced
powetful constrctor responses as was 1lso the case when 01 g noradrenaline
was mjected 3 a It 15 seen from Fig 2 that later in the expeniment when the
pw Ind been gradualls covled to 10 C by exiernal cooking botk the effects
of sympatheue sumulatton and snjected noradrenaline were markedly reduced
sn extent and to 1bout the same degree This approumatels equal reduction
1n neurogenically tnduced and blood bome catecholamine vasoconstriction was
¢ ¢ usual finding With paw temperature a few degrees above 0 C dhie re
sponse was sometimes only 1 10th to ) 20th of the normal ven sluggish in
anset 1nd retarded 1 relaxation The response to \ undilator drurs like

acetylcholine were simihuhy reduced A considerable reduction n these re
sponscs was alreads cuident when the paw was cooled to 20 C but the reduc
ronounced at temperatures below 10 C (see big 3)

fion only beeame ven p



CUTANEOUS VESSELS AND COLD FXPOSURE 347

TrS3UE TEWP,

TrPE TENP

Fg 3 Anesthetzed cat 4.2 ky Il stra
Gon of the extent of reduction of the
vasoronstetar effecnYof mtra artenally
tyected noradrenaline [when the paw
Iemperature 1 reduced from 30 C ro
19 T respectinel

Expenments on man

In the exXperiments on man reacuons to ¢ooling were studied 10 one hand
whle using the opposite hand as a conwral In contrast with the anmmal ex
Peniments general anesthesia was not used so that reflex vascular adjustments
from the Ingher centres of the central nervous system should appear In the
first senes of experiments the occurrence and the extent of a gencralized reflex
Cutancous vasoconstriction was studied  After a senes of initial control readmgs
the water at 3o C in the nght hand plethysmograph was rapidlv exchanged
with water at 0 C and recordings of blood flow sn both hands continued The
wtense cooltng caused a rapudly developing, vasoconstriction swhieh reduced
the blood flow mn the nght hand from some 15 m1/100 m} of ussue/min to about
12 m}{100 ml of ussuc/mun In the left hand where the temperature was
kept constant at 35 C blood flow was also reduced  although less markedly
as the result of reflex vasoconstriction The much larger vasoconstriction ob
setied m the cooled hand must therefore be ascribed 10 the combned effects
of a local cold 1nduced »asoc bly rosed on a reflex
Tnieurogenic romponent as 0 the control hand These effects are tlustrated n
tig 4 which 1s based on the mean values obtamed from four subyeets The
reflex vasoconstnction 1n the control hand genetally disappeared wathun 3
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v salues froes four subjects ffu tranng the bhod flow
changet ins 1 e two ) ands when one bang t sud fenl oy
Fan 0 mamtained  a leal temperanire of 35 € {10166 AU while he other

min \ wsoconsinicton i the caaled hand remuned very ntense for about

615 mun after which the 1y pical fluctuavons in flow of cold induced vaso-

dilvtatin were seen Thus ts in e reement with several esthier studies i man
1 (& Rroa etat 1960)

Lwo procedures were used to sunly constrctor fibre influence in the cooled
band In v number of experiments noridrentline was gien by 3 a njection
bath when the hand was warm angd when 3t was cooled As in the amumal
expenments the response to 1 given amount of noradrenaline was reduced
some 10 to 20 imes when the hand temperature was lowered from 30—35 C
to 2—6 C It can therefure be expected that in the humin hand as an the
cats paw the influence of 1 ginen degree of constnctor fibre acuvaty will be
conuderably reduced with cooling The importanee of the reduction of the
constnictor fibre mfluence on the vessels at lowered tssue temperature was
further demonstrated by comparing the results of cooling the hind from 35 C
to 2—6 C when the subject 18 feeling warm and when the subject was
feeling, cool In the control period before local cooling the hand bloed flows
of the warm subjects were some 10 to 20 tmes fugher than v hen the same subject
whs feehng cold due to the difference 1n vasoconstrictor fibresactivity wathn
the s With local cooling of the hand, blood flows decreased much more
when the subject was warm than when cooled, so that shortly after cooling
and also duning the ensuing cold vasodilatation the hand blood flows in the
warm subjects were only about 2—3 fold greater than 1n the cool subjects
“Ihus 18 allustrated 1 Fig 5 which 1s based on the mean values from mine sub-

Jects
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Hand blaod flow (mt/1O0ME/min}

Subject ndirectly wormed

Subject mdurectly cooled

w ater bath
at 35 ¢

{ Blood tlow d flerance 10 |
Blood New ditterenge 25 1

e

f;g 5 Dugram based on the mean values from mme subjects illustrating the consd rably
£edued though st} evident vasoconstrictor fibre mfiuence on the hand blood tessels m an
oAt of ce v ater a3 compared with an emuonmental temperature ia the pled ysmo-

The teduced mfluence of the constnctor fibres 1s evident from she shalt 1 the
une the indirectly warmed {low constrictor §b € actiaty) and indirectly cooled
constzictor fibre act vity) when the local tissue temperature t iowered

How ranos relag
suby cts (high

These results sndicate as did the vascular responses to noradrenaline 1njec
tons that the yaseular eness to 1ctor 15 greatly
Teduced thouph not entirely abolshed when the local tissue temperature 1s
lovered enough to cause a cold 1nduced vasodilatation

1a a further senes of exp designed to tigate the role of local
nervous factors such as axon refleses m the cold induced vasodilatation re
‘Ponse the nght hand was exposed to 1cewater m the usual way before and
after a Jocal anesthetic (xylocaine} had been injected 1 a Attempts were made
10 et enough xylocaine te render the hand unsensitive to pam and tem
Perature for at least 10—1, un To screase the absorption of the anesthetc
M the hand an artenial cuff was mflated immediately atter the injection After
abaut 5 mun the cuff was released and the vascular reaction. to coohng the
hard were studied Despite the precautions taken 1t proved very difficult to
Prevent the rapsd elminaton of the anesthetic agent but 1n a few expen
ments the anesthesta was so pronounced that the subject felt neither cold nor
Pain on coohng the hand In these experiments the axon reflexes connected
to the pamn fibres and probably also the vasoconstrctor fibres should have

°n more or less completely bloched Nevertheless cold vasodilatagon ensued

although the extent and the rate of devel of the vasod was not
as blg 3s1n the unanestheuzed hand In other expeniments 1 a infusion of an
ant agent (p } chlonde Lerpigan ) in amounts suffi .

Clent to abolish the vascular effects of histamme were ginen There
cvidence that this.procedure decreased the cold vasadilatation
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Discussion

Intene coolin,, of the cuts P nduced perspheral blood flow vesponses
which s prnciple were elmely simlbie 1 those olrerved dunng cooling of the
buntan hand  There was an amitiad yawconstienon usually followed by vaso-
":'I-"»‘“"" Alermann, penods of yvascoustneton and vasodilatation, the

ntin., phetomenon typieal of cold vasodilatation 1n the hand (Lewns
1930) although snmetimes seen were never 3 marked feature of the response
m the pw Trequently the snitial v uocamtrietion was followed by asteady
and sustained vasodilitaton The response wassll present though lessbrsk an
the sumpithectamized paw asitisin the sy mpathectomized hand ([ ewis 1930)

Tt hias been suggested that 2 filure of conduction 1n \asoconstrictor nerves
maht explun the phenotmenon of cold induced vasodilatatson (Herrzseany and
Romit 1912) In general howerer unmedullated fibres vre among the Last
nerves 1o be ffected by cooling (Dotcras and Matcots 190) and conduc
ton has been demonstrited 1t 0 C (Iusnrrre 1949 Tt seems clear that the
yuoconstnictor fibres can affect the vessels At least to some extent cven at
sery low tiswie temperature becuse the cold vasodiltition obtuned in man
15 eonsderbly reduced by general body chulling (Lrwis 1930 Durr etal 1903
Rrsrinor 1957) 11 was also observed 1n the present expenments (¢ ¢ Fig 9)
Ttas clewr however that the maymtude of a given vsoconstnetor fibre effect
18 stronyly reduced by local cooling which 15 demonstrated in the present ex
peniments both w the cat and i man On the other hind the vasoconstnctor
responses to 1 1 njected noridrenaline were reduced to approumately the
same extent which points to 1 decreased responsiseness of the vascular smooth
muscle cells rather than to 1 fulure of nenous trinsmussion or of trans
mutter release A simalar Fulure in respansiseness to s oconstrictor 1gents has
heen shown 1n g ritro studies on sexments of the ulnar artenes of bullocks
when temperature 1s reduced below 10 C (Rearmoe 1958)

A reduced sensitnvity of the vessels to cutecholymines when cooled may
therefore be considered to rontribute to the cold sasodiaaton whenever 3
tonte constrictor fibre activaty 1s present The constnctor fibres appear to con
tribute to the 1l v 1soconstrictor response also 15 1 brief reflex intensifica
non of their tctiaty 15 esily demonstrated upon local cooling

Other factors must also contribute both to the miual vasoconstniction and
to the subscquent cold vasodilatation becnuse both phises could sull be ob~
served when all vasoconstrictor fibres to the cat s paw were cut and the ad d
glands denervated or extirpated or when 2 local anesthetic was admunstere
sntra artenally  There 1s clear evidence 1 the literature that axon reflexes
from thin affcrent fibres —— presumably pam fibres — are of considerable an;
for induaing cold vasodilatation 1t lest in the sk (Lewis 1927,

936 hraurg and Scrvzze 1948 Crrawper nd ToLhow 19)3{21
r (1918) were unable to demonstrate any €0

f the pulp with 1 loca] anesthetic which would

renal

portance
Wypauw [
Although hRrAMER and Scnurz!
\asodilatation after wnfiltrauon of
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block both the vasoconstrctor fibres and any axon reflex mechamsms Creen
mELD SmeenERp and WHELAN (1902) found that a reduced but not insignifi
cant cold vasodilatabon could still be mduced under such circumstances The
Present expeniments are i agreement with the results of the latter group of
mveshigators as some cold sasodiatation was still obtained after the hand was
temporanly anesthetized by xylocaine 1 2 given 1 concentranons sufficient
to prevent any pain or cold sensations on rmmersion 1n ice water The presence
of stll another mechansm beside the anterference with the constrictor fibre
control and the activation of axon reflexes 1s further suggested by the fact
that some cold vasodilatation could be ehcited 1n acutely sympathectomized
skeletal muscles where blood borne catechol amines were ruled out Here the
cold vasodilatation cannot be ascribed to anv axon reflexes connected to thin
afferent fibres as n this tissue — in striking contrast to the cutaneous vascular
region — no such axon reflex h ean be d ted even on mn
tense antidromuc exaitation of the afferent nerve fibres {CeLannER and For
how 1933) It s known on the other hand that the resistance sessels of the
skeletal muscles exhibit a pronounced tone when denervated and deprrved of
any esinnsic vaso exaatory agents and sn all probabuhity thus tone 15 of
2 truly myogentc oniwm (¢ g Fornow and Oeerc 1961) It 1 not unreasonable
to assume that this inherent smooth muscle activity like most activities of
Iing cells will be bly d d or even abohshed when the tissue
temperature 15 reduced to low levels producing a vasodilatation It 1s true
that the observed flow increase 1n the skeletal muscle upon cooling was gen
erally relatively small at least when compared to the four or fivefold fiow
increase that can be induced by 1 a inected acetylchohne at normal ussue
temperature It should however be realized that blood viscostty 1s markedly
mnereased upon cooling fe , Nicwor 1952) and erythrocyte aggregation
sludging  tends to occur factors which per se will strongly reduce the rate
of blood flow Therefore, although the blood flow may not be high the actual
vascular relaxation may neyertheless be profound Increasing vascular relaxa
tion through inhibition of myogenic activity as the local termperature 15 lowered
will in turn tend to be counteracted to some extent by yet anather factor —
the red mn d It 15 known that vascular tone
most Tegions s sensitvely adjusted to meet the needs of tissue metabolsm
With cooling tissue b 1s d d and less are produced
which — other things being constant — will tend to enhance vascular tone
Ths factor 1s probably not quanutaty ely sery mmportant but must neverthe
less be cousidered

Finally 1t 15 known that severe tissue damage can sometimes occur as the
result of quite short exposure to temperatures several degrees above zero {Ep-
Mot etal 1937) abo two mstances of localized sensory nerve degeneration
following 1mmersion of the hand and forearm i water at ¢ C for 1/2 hr have
been observed (Fox and Aroe unpublished)
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1t sy therelsre nat raprofable that coohng 1o a fey desrees above zero dnes
r.qm-«c'u 3 novious sum ilus capable of cavun, the earhy chanmes of toue
camare Fes ¢ damae 1y bnown tn be arenmpanted In 1l e release of vason
it v enmpourds — the H sulmianee of Lyss (1927) It 1s unhiely that
hustam ane seetf s the ypartant vas <l s ¢ J 1 beean e ) 3
s ere found 1o be v athour amy effeet on the cold vausdhilaiine in skinandin
shrletat muccles i this study in wreement with t e findings of Dur eel
{1735 Lrus seor mzed that B substaince was a complex sratenal and
sinee one of 1ty compenents was fwnd £ be relatsely non-diffusable hroc
(142 sureestesd the name H ccllosd  Recendy 1t has been shown tiat
brodylimmn wineh 8 g powerful swedilator adminustered 3 a to man (Fox
e ef 1% {) can produce all the cardinal stous of local inflammanon and that
this patipepude or the enryme producing it may corespend to H coflod
el (L rwn 1%1 Final elueidatim of 1 posable role of bradshsnin 1 the
enld vasrdilatition ptennmenan will prebabhy hae to ot the development
« [ speaific nhibators of us preductin or destrucuen
The fact that cold va1 sdilatition can 2w to same extent be nduced 1 a
tisane ke skeleral muscde where no 3+ shunt ves el have been demon
strited 15 of mtesest from another point f view a3t has been clumed that
the increased 1y of ¢ 1d induced vasodilatiton pyses through a v anastor
1 res (CRANT 1930 Craxt and Trasn 1931 Cold vusodilatation in the
human forcarm abo behesed o be museular i ongin has been deserbed
(Crarns Hritos and Lisw 1957) and wek vasodilator responses have been
ehicated frum many skin areay in man which do not exlubit the typrcal marked
< cold vasodilatati n phenomenon and probably do not hne a v anastomoses
(Tox ind Waarr 1921 N\ doubt the biggest cold vasodilator respontes are
scen i cutinecus remons nich n 2 s shunts but the difference 15 probably

more quantitatine thin qualnatne i nature
To summarize this discussiun the present experiments are i good agree
ment with previoys studies and taken toether they suggest that both the
1rstial blood flow decrease as a response to local cooling and the subsequent
cold sasodilatation are produced by farhy complex co~ordimauons of several
quite different mechantsma There e reasons to bebeve that the relawve
amporance of the 1ndinadual mechamsm can vary depending on the particular
orpwrstances and that certain of them may sometimes be absent without
changing the trend of the net response X
At Teast four factors may be cansidered 1o cooperate 1 the creation of the
smnal blood flow decrease A dormaung feature appears to be the rc‘f}l::
fte 1ctor fibres a n resp:
3?,;2;:;;05“1 upon a likewise powerful but direct constnictor gsp::}cl;:
the asculas smoath muscles which 15 presumably an a?ctj(gn el xcdctoo]mg
dr1stic temprrature B2l A direct constrictor effect produl v m{z:nl o,
has been abserved 10 several tapes of smooth muscles (PeRRINS
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meluding isolated blood vessely (Saeri 1952)  Although imnally p we l both
these influences on vascular tone tend to be farrly Lmited tn i 1 1 The
mereased blood viscostty caused by the cooling 15 however a last 1. effert
which adds to the decrcase 1a blood flow, 1n proporuon to the actu 1| Lo,
of the blood wathout any change m the vascular dimensions In sdd tun
tissue coolng lowers the metabolism of the local tissue and therefore reduces
the formation of dilator b n the d of the
vascular smooth muscles z local chemical change which ger s¢ tends to
crease their tone

If the temprrature fall 1s sufficiently drasuc and sufficently prolonged the
factors promoting a decrease 1n flow through vasoconstriction may be over
come by other factors tending to cause vasodilataton In the skin avon re
flexes from the abundant supply of thin pain fibres appear to play some part
Possibly more mnportant at least in of a tomc tctor fibre
activity, cooling markedly depresses the sensittsity of the vascular smooth
muscles to the released adrenergic transmitter which will reduce -— but not
abolish — the vascular influence of (h&sc fibres Turthermore cooling below
10 C appears to cause a p m the g activity or
“mherent tone of the resistance vessels which 1f sufficiently marked must
lead to a passive relavaton and vasodilatation Finally the local releasc :md
because of the low blood flow 1 of speaific el
espectally tho e resulting from the early stages of tissue damage may play an
wmportant role and contribute to the establishment of the hunting reacuon
At low temperatures the reactisity of the vessels to such compounds 1s markedly
dep d but once vasodil has been mitiated possibly largely through
passive relaxation the tnereased blood flow will raise the local temperature
and they will then exert a progressively more powerful vasadilator nfluence
However after a period of increased blood flow the relcase of these vaso-
dilator ds would d h and already lated cone
would be remosed  The same 13 probably truc of the transmitter released at
the axon reflex nenve endings Furthermore at the higher ussue temperature
then prevailtng the vasoconstrictor factors would agamn become effective and
e establish vasoconstriction

In the light of our present hnowledge such a system of muluple interacung
and opposing forees which include the unstable qualities needed to cxplam
the violent fluctuations in flow often seen 1n cold vasodilaation appears the
most likely explanaton for the phenomena observed
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From the Cardiological Lab Dep of Medione Allmann  abu ¢
Malmo Sweden

Intramyocardial Temperature Gradients 1z Dogs During
Hypotherma by Surface Cooling
By
Benet W Jananssow
Recet ed 17 Decembier 1067

Abstract

J B W il adwents er  dags
duning hypothermia by sucface cooling Acta phywol scand 1963 5°
335358 — In fire dogs the temperature in different parts and ac
dsfferent depths n the myocardium were recorded duzing cooling il
asystole or sentricular fbnilation appeared It was found that the
temperature gradicnats 3 ere small and that there v a3 no increase
m the gratients with decreaning temperature It 3s concduded that
the ST T chavges observed during hypotherrua m homeotherma
ammals are not caused by miramyocardial temperature gradients

Profound ECG changes appear during hypothermua n amumals and min
{Biorex and Jonansson 1955 Harorr Joranssowand Syostrax 1927 Jonars
SON ¢t af 1956) These changes can be ascribed both 0 a direet effect of the
low temperature (decrease of heart rate and prolongation of the different nme
mtervals) and 1o more tndirect effects of the hypothermia magaly changesin the
ST T complex The cause of the lateer changes have been duscussed but no con
clusne results have appeared {Jananssos et gl 1956) Itis haown that tempera
ture gradients i the myocardium can produce changes m the ST T complex
{Herrensrers and Lizaow 1950) T wave changes afier drinkeng iced water have
been reported by for example Dowiling and Herrensrers (1951 The oceur
tence of profound temperature gradients wishin the body dunng coaling was
shov n by ax prr Heme 1936 Grow of of 1956 Seazsox 1957 Byows 1960

Yt 15 thus concenable that the blood comng from the penipbicrat s exscly 26
the night atrrum and ventncke mught have a temperacare law enough to create
temperature gridients it the myocardium and that these gradients might at
Ieast be contribunng {actors 16 the ST T changes during hypothermiy

35,
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cpcardal surface Tt up of the R wane indirates the ter perat ire and the tme afier the

begmaing of cool ot that € FOC wa revorded

Materzal and methods

Five mongrel dogs with no sirns of diseass weighing between 15 and 31 kg ard of an
age vanng between 5 months and 4 vears were anmthetized with pentothal unod
both the media) and lateral hd refiexes drappeared Th dogs were miubated and art
fioal respiration with ar was gnen dunng the whole expenment A feft thoracotomn
was priormed usng a cdean but ot stenle techmique The pericardium was opeoed
and four thermaocouple elretrodes were wntroduced 1hrouzh smal) 13b wounds of vaning
deprh ato the oryocardium of the Icft and nzht sentnicles Thes were kept m place
with 2 pursc stnng suture In two expriment a fifth thermocouple elecirode was m-
trodaced 1 the matt and I+ zuncular apoendage respectinely wath the up free in
the & ral Binod The thamocouple allowed recardins of

chares o wnthn @1 €




MYOCARDIAL TE {PERATURE GRADIENTS

The pencardsum was left panly open and the thorax chosed A 7
was faken immedsately after the closure und at a temperatur o ¢ 25 "
& direct writing equipment (Elema \Mingograph) The anumals were N
fngeration box 23 descnbed by Brorcwer al {194} After anvstole or ver €
lation had appeared the heart was gently removed and the exact post
trodes in the myocardium was determined Sce thelegend wFag 1 fur
The duranon of the refnigeration procedure vaned beween 334 aod 4

Results and comments

The results of all 5 expenments of which Fig 1 representatine &t iR
conformance wath each other and show clearly that the femperature aiffer
ences hetween the clectrodes are small and that these differences are net m
creased with decreasing temperature The expenimental data do 1ot supp Tt
the hypothests that » yocardial temp gradtents are the casc e fihe
electracardiographic changes absers ed dunng hypothermua

Tt imght be argued that local bleeding and detenorated blood oreulation
around the thermocouple electrodes mght produce 3 false recordimg I{ ths
were the case the trauma would probably vary at the different electrades
thereby p P grad Furthermore 1n the dog 1th one
electrode 1n the nght atnum  the exploration after the experiment reveale
that the up of the electrode was situated 5 cm down in the mnferior vena cas?
and not even mn this case were any temperature gradsents found

The present results do not conform with thase reported by FrsueR and Froos
(1961} who observed cardiac temperature gradients sometimes \ery Pro
nounced during hypothermia However these authors used another expenimenta
techmque with extracerporeal arculation and heat exchanger which resultec
m a much more rapid coohng (from normatherma to 5 —10 Cmn abou
30 mun) than 1 the present expenments Frouex and Feook (1961) concludec
that thermal grad alone are not responsible for hypothermuc venmculas
fbmllation This concluson 1s supported by the present study m v hich
ansmals fibrillated without showing temperature patierns diffiersng from the °
antmals that did not fibnilate
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Departmtent of Climeal Physiolegy SeraGsmedasarestet Stockholm

Lactate Content 1 Sweat
By
Ixsta AsTRAND
Recerved 18 December 1952

Abstract

AsTRaND 3 Lactats conient 1n swemt Acta physiol scand 1963 28
358367 — Tour subjects were beated by means of physical exercse
in different room remperatures or with hot baths i onder to bring
about sweatng The sweat was cotlected 1n plastic bam from the ex
tremities 1 at Jeast 3 consecutive 15 mun penods and analysed for the
content of lactate and chlonde In some cxpersments the blood cr
culation was eccluded with 5 blood pressure cuff The lactate con
y hagher during cy ching than bathung and
mbeantly higher during the first period as compared 16 the faliowsng
The lactate concentration rose duning occlusion of the crculatzon
The seerenon of Jactate per murute was rectlineacly correlated to the
sweating rate and o the ¢hlonde secretion The firs} penod of oy cling
revealed however sgnificantly different values from the athers i tha
respect The results are discussed with regard to degradaten of
glycogen to lactate n the sweat plands to diffusion of lactaic into the
blood 10 xeabsorpuion miensity of the s seating aumulus and 1o the
content of faciate in the epidermus

The concentration of lactate in s eat 1s tugh especially 1 the beginmag of 3
sweating persod ¢ hether thus 15 ehotted by thermogenic sumulation of sweat
glands ar by heavy muscular exercse (Wersem and vas Hevsevoss 1952)
There 15 no acceptable explanation for these findrags

1n the present imcshigauon short conscontive pessods ef sweat collection were
chosen . ordes to analyse carefully the course of the concentration The
Telation of lactaie €ontent (o sweating rate chslortde content and to scoretory
work 1y ducussed
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Materials and methods

Two female and two male hralthy students were u.ed as subjeets

In two of the subjects sweating was ehated by exposing them (1) to heat radiation
i (2) to different levels of atmosphene temperature (21—42 C) 1o both cases m
mmbynation with continuous musewlar work of a moderate satensity on a ticyele ergo-
cter (300600 kpm/min  oxygen uptake 09— 15 htersymin blood lactate con
ntration 9~28 mg per 100 mi of blood; In additian sweating was ehieited for three
byects (3) at rest by generat heaung in a hot bath

In order 0 rary the skin temperature locallh 1n @ exp the subjeats submerged one
m eniclosed 1 a plastic bag into water of different temperatures (19 0—~453 Ci The

er arm was used as a control
In two expeniments dunng bathing the circulation of onc arm was occluded by a

blood pressure cufl inflated 10 220 mm Hg

Generally the sweat was collected from the arms only occasionally from the legs The
whale extremuty up to the muddle of the upper arm and thigh respectinely was thor
oughly cleansed and afterwards nnsed with distilled water dried and enclosed i a
plastic bag The sw eating rate of an extremuty was determined by weighing the collected
amount of sweat The diadvantages of this method for the collecuion are discussed by
NN Hevaenoey and Weiver (1952 a) Roerwsov and Roprson (1934) among others

The sweat was collected in consecutive periods of usually 15 min By expenience 1t was
found that the Jength of the penods could not be shorter because of the Iateney for the
onset of sweating In some exp mnalowner h P and duning
bathung the first period was prolonged to 20 mn Each expenment was continucd for at
1r23t 45 min tn some cases for 10> mmn

Durmg the collection of the sweat the skan temperature of the extremuty was measured
on 3 places with thermo-couples usually every other minute When collecting from the
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£0r one 2t 1n different sweat ng peviods The average sk temperature dunng a pend »a>
vaned by m ans af increasing {A) and decreassug (B 1en perature i a |xad wac ¢ bich

2rms the measurcments were made donsally on the fawer part of the upper arm 2 wl on
the muddle of the forearm and hand respectvely 1 hen collecung from the fegs the
mMeasurementy were made at comparable places The average shint temper we of the
extremity during one penod was caleulated as a mean value of all the mray ren DS

Fiflty expeniments were made 28 dunng muscular exercise and 77 at rest ot more
than twag experiments wesr made 2 week M an attempt toa od 2 hmatizatian ¢ hea?

¢ oy gen uptake was mrasured dunng the wark expenments with the DotoLas

bag method (the expired s was arslysed with a HaLpAnk apparaius  Dunns these
experiments the blood lactate concentration was determuned

“The lactate was analysed accorhing 10 EDw ARDs (1938) (the ervor of the method - 28
+ 3 mg per cent for & double determ nation) and the chlond  with an eleairometeie
microdetermnation accord ng to Lenseassy {193)) (the error of the metbod was — 2
™g per cent calculated as NaC1 for a dasble determination)  (he dupliates were made
on different samples from the same penod of sweaung

Results

1 Lactate concentration

There » as no difference in lactate concentration hets een male and female
subjects (cf OTTESTAN 1930) AT bets gen the tmo yrms nos bee FEQ A
and legs (Fig )

The factate coOncenITation v as higher 1 the s at from the eS¢ 7 od 23

o the follos 30 anres s sth only one excepuion 1 ¢ s the experaments

compared ¢
v periments the

1 wh the creufanon o¢cluded {Fig 1) In these last mentioned €<
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concentration mcreased when the arculation was occluded However in the
gven casean Fig 1 1t did not differ from the corresponding average salues in
experiments with normal aircufavon by more than 15 > 5D

By changing the skin temperature duning an experiment wath the aid of water
baths of different femperatures great sariations were ebtained in the sweating
rate and the chlonde concentranon In these expeniments the lactate concen
wration however ianed only shghily after the first penod (see Fig 2) nor
was there any difference in this respect between the tho arms



LAGTATE CONTENT IN SWEAT 363

allcted from the arms or the Legs of four subgects dunng crcling and bathing The sueat was
mn (3rd pertod) and 46—60 min (4th perod)

25d penod 3rd peniod #h period
P n mg per cent | P n mg per cent | P
00I>P>0001 | 28 162453 <0001 9 156202 | >01
16
007> P00t 18 137 £ 46 <oo0r | — - -
20

) between eycling and bathing n the same period

Lactate
mgf min

02 04 0§ 08 10
Sweating rate g/ min

Fig 4 Lactat n mg secreted pet . n relavon o sweat ng rate niwosubc‘.u tin
hxpcnod(n~l3)(¢rx O s iy 3=§7‘ 3

Ss corr coull 0898 = 0 0n dwmmnromngr e .Lam 2 et ety @ =
n/d ng “nd—6th periods and bﬂd‘u 11~3rd periods (o= 59) 2o ex o 043 = 003
[ =07 2005 rege ﬂn3+15x corr coef 0962 = 0UID devianon
rom regr I ne —OlD(I3prrctm)

For reasons ginen above all the data
lection period and then treated stats,,
average concentration for the first pen,

have been grouped according to col
cally (sce Table I) Dunng ocling the
od was 338 mg per cent with a hnghl
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Fig 5 Chlndr (caleulsted as \aCl)
31 R secreted per runan relation to
swrating fate dunng cyching in two
= fernale byt @
5

T g
cooffl 0940012 desiat on from
rest line 078 (28 per cent)

1e 15
S ying rate gme

valuc of 489 mg per cent for the second peniod it was 195 for the third 162 and
for the forth 156 duning batherg 1he correspanding values were 224 175 and 137
mg per cent respectively The sigmificances of the differences between the peniods
are given in the wable
The individual vafues for factate concentratson 1n refation 1o sweating rate
were plottedin Fig 3 The data from the first peniod of cvcling were sigmificantly
+ different from the values of all other periods including the values obtasned m all
expeniments of batlung

Y Lactate secretion rate

The sccreuon of lactate per minute dunng the first period of cycling was
recihnearh correlated to the sweating rite as were the values from all other
periods butthe level of seerenon rate was significanthy lower (see Fig 4) The
standard deviation for the last mentioned regression hine was relatnely large
partly due to the fact that the factate secreted per munute was somewhat
althouth not sigmficantly higher 1n the second than in the third pertod and in
the third as compared to the forth pertod

W1 Lectate and chlonde secretion

The chlonde secreted per minute was also reculinearly correlated to the
sweaung rate (.ec Fig 5) Therefore the secretion of lactate per minute was
correlated 10 the secreuon of chlonde per minute and the first penod of eycling
differed from the other permods

Data for the last mentioned correlations gk, Ist pertod tegr eq y =026
_. 156+ corr coefl 00814 4 0052 desiation from rege hne £ 017,20
per cent), oeling 2nd~—6th periods vegr eq y =039+ 030 x corr coell
0818 ~ 0058 deviation from regr Iine = 021 {29 per cent)
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Dhscassyon

Since the basic observation of Seutznw and Wissestan (1926) tt 1t the cweat
contains a great amount of lactate 113 ongin has been drcussed ma vmes 1t
18 umprobable that 1t dertvates from the blood because of the grea diflerence
and vamaton in concentration between sweat and blood Therefore 11w
Iikely that lactate 1 s eat 1s produced by the skeletal muscles and of impe rrat e
for the acd base balance of the body (cf Pure 1938 p 46 Duteral 1) 3

Already 10 the beqinnung of this century Brinwrr (1906, amonz ethers
<could show the presence of glycogen in the ecerme sweat Llands (Fer lierature
see Rotisean and Scitaar 1929 p 268 ) Yuvasea {1935) and Sies Levang Mee
o (1932) observed microscoprcally that the glycogen content decreaes duang
swe.ung and reappears after a rest penod  Buvime of al (1939 proved the
Presence of alkaline phosphatase and Surtrey and Mecon 19,4, the pres
ence of acd phosphatase n the scoretory tssue of the glands [herefore 1t 1s
casih assumed that the lactate 1 sweat ongmates from the degradauon of
Kgmgcn to Jactate and that the energy for the secretion 15 delnered anaccobn
< [)

If the lactate 1n sweat derm ates from the break down of glyeogen providin,
the erergy for the secretory work, 1ty content should inerease with wicreast 1n
seevetory work which mainly consusts of the exareton of chlonde (WrnFR
and v &\ Hevsnoes 1952) As mentioned the secretion of chlonde per rmnute
tereases with increasing sweating rate of Rosmsos and Rorso (1931
Ponota (1961 p 213, and Lowrz and Doe os (1961) The seeretory work
cught therefore to be hughest at the highest sweating, rate whichin the present
experiment occurred 1 the muddle of or 1 the last stages of a sweauny penod
of 1 hour

After the first {3-mmn penod 1 1hese expenments however the laciate
Concentration and content mn sweat decreased This 13 ome of the dificufue
mohed when interpretng the role of lactate in a metabolic process enential
Forsweaung SV ErveR and v ax HEYNINCES 11952 uaing several sweatint, persodds
of 112 hour also found a smilar but na 30 proncunced deerease They Ao
found an increase when the arcufaton was occluded (vas Hrysiner ¢ and
WEnER 1932 b, and came to the conefusye n that different deg rees of anaer sbic
Actinaty probably + ere prevaihing in the nu eat glands Dur era’ 1935 doubed
that anaerobic ghscolvas un the whole sheuld be § und nader nurmal e nny ns
n the slun

The lactate scretion per minute was sinificantdy ¢ rrelated t) the ymul
taneous chisride sceretion in the present srudy  This would be the caswe of e
lactate crigmates from «n anartolie metbobe process whose sntenuty was
proporucnal to the sectel sy wesk Since Iron o af (1932 proved the pres
ence of a inxher concentration of pyrusare in yweat 1 the beginmng «©
5 eatung period than later on such anarrof 1€ condity ny ate even mey

b
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However several phenoment can not be expluned assimpls {1 the dafferent
slopes of the regression lines fur the etare secreted per minute in relation to the
mewuny rite and to the chlonide seerenon per minute duning the first penod
of eyching, s compared 10 the other periods {¢y chng and bathing) {2) the dif
ferent amounts of cereted lactate per minute i the 2nd as compared to the
3rd and i the 3rd  compared to the $1h periods (3) the 1rcrease in concen
tration when the arculauon was oecluded (even il the values do not sigmificantly
differ from the regresuon hine i b, 3) (1) the differences 1n the amounts of
ictate secreted per minute i relation to sweating rate between ti ¢ first perid
of cyching 21 d balung

Howeser, some of the produced amounts of lictates may dffuse mnto the
capiltary blood In the beginning of exereice with constriction of the skin blond
vesiels refatnely mare lactate may disappear with the sweat As the sessels in
the nesghbout! ood of the sweat glind dilate more Lictate mav diffuse into the
Bilood and the gradual decrease 1n concentration of frctate an sweat could thus
be explured ay alio the difference between the cychng and bathung values
Presention of the supply of fresh blood by occlusion of the brachial arieny
Jiould inerease the concentration of [etate 1n suet which was abso roticed

Tt is howeser absn probable that 1 reabsorption of the swent takes place
the ducts {vas Trovp 199 [uosusos 1960) I espectally water from the

wett 13 reatsorbed the lactate must remain an the duet after 1 period of
ater production of Inctate m the beginning compared
od 1brsides this the number of the functiomng
of 1 stunulus (Avso 1936 p 291
1—2 ean be satsfactonly explamed
¢ stimulus dunng

weatins, sunulanng 1 gre

1 later on duning 3 swering pen

Clinds incarenses with ncrenee in mtensity
d stems

Raspart 1946) the abiove mentione

N\ imber #may then accordingly be expluned by a less intensts

bk 15 compared to dunng cychng
l \‘:‘x:::hcr c;plp\vl'lllnn might be that hetate {pyrurte) found 1 the epider

mi [ ankte 1927, Pirsmgy 1931) 1s partly washed out 1n the begnning of a

weat glands
weanny penod simulating 2 g production ;:A l:‘:;;;cm gmcsc epenmens
Lhe 1nswers to 21l these quest c

to-chermeal studies
Thev probbly hewn « combination ©of nd his

of the swent glands

tors cannot
f physiological a
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Feom the Department of Neurofony and the Laboratory of Cliniral Neurophyuol
The Unneruts and 1)~ Sahlgrendka Hosprtal Citeborg Sweden -

Reversible Blood-Bram Barrier Alteration Induced
by Certain Orgame Acids and Indicated by
Means of EEG and Dye Tests
By
S Trovsarn and O Sremware

Recerved 18 December 1402

Abstract

Froouarx S and O SrrsvwALL. Reousle blood bran barmer
atesation snducd by certan organic actds and in “ica.ed by means of EFG end
i tests Aewa pInsiol scand 1963 58 368—375 — Wath an eacler
descnbed method for studies of the interrelation between EEC and
blood bram barrier funcnons alteration of the Darner was induced
by intracarotidal application of certatn tvpes of organic acids frepre
sented by persallin G and Urokon) In long term experiments 1t
could be established that this type of barnier alteration was rryeruble
as judged by ntravptal dye tests and further by EEG aruvaung
teste applied en the carls and lace f hases of the expenimenes Th FEG
changes evoked by the anvasion of normaily barred orgamic acids
into the barner-damaged hemisphere were of an exatatory 1y pe and
sometimes caused 3 comulsion pattern lasung for houts Fuen after
such 2 heavy stress on the neurons however there wasarcvenalinthe
EEG sameteres 10 5l normakzanon The EEL coursr 2ftee thar e
veruble barner atreration s different from thatseen after the persistent
barmer dysfunction nduced by mercuric 1ons as reported 1n 3 previous
paper Thr reversible acuon of the organic acids on the barrier 8
discussed as bems ble wih the hypothesis p Iy pro-

edd by Steanwall ¢hat bran blood direeted rranspon mechamsms

pose
parucipate in the bamning of this group of acid compounds

As part of  study on the relavonship between blood brain barrier functions
and LEG we recently s estig,ated the anfluences on the EEG afier a persistent
n induced by a heavy metal {mercurie dichlonde) which was ap

Darnier injus
vihcd withun the vessels of one hemusphere under careful dosage control {FLop
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sarn and Srervwarr 1963 for methodological consideration see Fiop
MARK and STEINWALL 1962) For a limited period of ttme 1t w: p sihle to
obtain a state of barmier dysfunction (with abnermal penetration { cias dyes
and related organic antons) without significant influence on the FI ¢ 1 luma
tely however the EEG detenorated on the barner damaged side  re 1mi?
owing to cumulative disturbances 1n the metabolic milien of the 101 1
was proposed that the heavy metal under the expertmental conditi ~s un
ployed due to 1ts strong tissue affimty was held withm the barner structur
interposed between blood and neurons and there exerted a pourly reversible
towc action

In the present mnvestigation the aim was to study with the same techmque
another type of barmer alteraton induced by orgamic acids with a polar
(hydrophihic) and 2 non polar (lipophil lecul. fi 1n When
applied within the cerebral vessels in adequate concentration in loco these
agents induce blood brain barmer unpairment while on the other hand the
same acids under normal barrner conditiors are unable to pass from blood 10
bram when admumstered into the general arrculanion (see STErW e 1961
Fropmark and STEmvwars 1962) On theoretical ground this type of barner
dysfunction — unlike that induced by heavy metal 1ons — was presumed to be
transitory 1n nature as was already stated experimentally by Brosyrax and
Otssov (1948) concermng one representatie of this group of acids (1odopyra
cet DiodrastC)

The bality of uml 1 bimer al mnduced by carottd injec
tion of two acds of th type — aretrizoate (UrohonC} and pemalln G ~—
was studied in the present long term experiments As these compounds also
could ehait significant LEG changes in the injected hemusphere once the
bamer was eliminated (GosseTTE 1956 FLODMARK and StErvwaLy 1962
1963) they also served as tools sn tesung the state of the barner by means of
the EEG 1n early and late phases of the experiments The reversal of the barner
dy-function was furthermore proved by means of adminstratton of the two
acid dyes Congo red and trypan blue soon after the caroud injection and at
the end of the experiment respectively according to a techmque introduced
by Brovan and Orsson (1948) Both these dyes show a marked ussue affimty
and a poor diffusibibty which make them well suited for stammng purposes
but less apt to bnng about neuronal (ELG) influences compared 1o ather
more easily diffusing acids like perucillin and Urohon

T

Methods

Che expeniments  cre petformed on adult rabbits 1n urethane anesthesta wath a
technique fullv described 1N a previous paper (FLoDMARK and STenwALL 1%2)

In prineiple the procedures included 1) EFG-recording throughout the v hole et
penment 21 urulateral {left sided) blood bramn barrier alterat on 3) indication of the
ureent state of the barmer at dafferent phases of the expenment
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m’l.}’: :.,'-( -.l; recordad with bipelar techarque by mearsy of platinum plated e
; A critoatras orred Raser IO mackine For induction of the blood
bra o bamner altesation 1314 o Lrolom  {sodwm acetryzast 4

C wanapp! A within the veuels of one b phere for about lul’[‘: ‘Mldtgn
spulateral caro i artery T details of the procedures and the doragn :fw;u ;u .
trred 19 heator ecompoundy are desenbed tn the B experiments t:dorwl e

Results

The ¢ bnervatie ns sn relaton 1o the expenmental procedures are presented
m the folln ang desenption of two experiments
r[g“;:(,:"‘:ﬁf rc( l: ::—:r:&r,l)) The rablit (2 2 k2) showed a symmesmcal
1% Vs s cotherer 13 5 t‘ﬂ x{xmuxmn of the left carotd artery (Fig
hemmsnbore for 3 see . sokon (5 ml) was perfuced through the Ieft
fu]low:mzfimm e M:;P‘ ing the blood Dunng the perfusion and the
on the smected ide /F ides an arousal pattern showed depressed amphitudes
yected ade /Fig 1 B) When the EEG had regained symmetry (Fig
I C) pentaillin wis admumistered intrasenoush 1n order to test the state of the
barner Two dows (0.2 x and 03 g wven within Ly min provohed only
small and transitors TFG effects A thurd dose of 06 g minven 45 mun after the
carond injection was followed 1n the EEG within 5 mun by a predominantly
Ieft sided spilang which persisted for several hours although with decreasing
mtensty (Fig 1 D, D, Onc hour after the caroud smecuon Congo red
(1 °, 14 ml wasimected 1+ for dve andieation of the barner defeet Duning
the follo sing seven houry of the experiment the EEG changes gradually di
mmshed When the animal was o undisturbed anesthesia the pattern afier
about 4 hours scemred rather svmmetnical but stumulanon by pinching sull
cavsed sharp potentials on the left side In the last phase of the expenment
(about & hours after the caroud imection) another 1y injection of 06 g pem
allin was gnen This did not provoke any sigmficant effects in the EEG durng
the remaning 30 mun of the expennment (Fiz 1 E F) Ten muautes before
1ts termunation tvpan blue {15 mi was ghven 1y The anumal was ex
sanguinated and the bram vessels ninsed with 69 ¢, saline. The remos ed bramn
showed a distnet lefi sded red stumng with no signs of trvpan blue extra
vasation except 1n normally “non barred regions (e g nfundibulum and area
postrera; which were defimtels blush.
Type expermert I {No o un Teble I, The rabbn (2 6Lg, was prepared as de
scribed before As barner-damaging agemt 4 % pemallin was applied v1a the
Jeft caroud arters far 30 sec (13 mb By the end of this applhicanon marked
ELG abnormalites wese seen Thes started and dominated on the left side
but also spread to the other hemusphere (Fig 2B C) The high voltage sharp
potenuzls were accompaned by motor twitching Congo red (1 %% 14 ml)
wath sodium fuorescesa (18 55 1 )y was smyected 13 6 mun after the aﬁroud
pesfusion The inten.c parowvsmal finng which started shorily after 2 B was
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Ybe expeny ble 1) EEG hang s ofier ! aca
:{1‘"( C o it s g i T Tk e et e 4 S o e
Sce lfxl)

A Conyyoy 4, rd 1 patte
b th symmetncal pattern
e B et s e ] T PN e 5oty o 35 e ety
% depressed amplitudes oo e lefe (m,cmgl)_: éde ctry regamed
our'm m
e S v S G 18 LT st on o061
e,
ESoven Fours after D A dose of 0 6 g pen oll n was gven 5 run befo e thu record was made

Frovally symmetneal pat ht slee;
LT ton OFF ¢ expietmemt, B s focky afie the esrotid agect om (about 30 m aficr E)

‘(“fnr Gy symmet cal EEG (med um sleep)
0 B polar fronto-oce p 1al leads)

yocorded was sull seen i the EEG 2 hours [ater (Fig 2 C) but within 5]6
hours the sharp potenunls disappeared The remarming asymmetry gradually
Tyrersed but was sull evsdent at the end of the 9 hour cxpt (Fig 2 D) Topss
Blue (19,15 1) was admunstered 10 min before the snumal was sacon feed
E’mﬂguinnuon and nnsing of the sessels were carned out as before o
femoved brain showed Congo red staining of the left hemsphere whule ﬂut:‘r‘h:
€em (in ultraviolet altuminauon) was seen only 1n its posterior part

24 —633015 4ota phyniol scand Vol 58
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it acaot dogpluationof 4 frasilon in 2 downp term e e (sl b e it d
A Contecd record furettan aneathrya) symmetrical pattern
B Record 2 sec afier mtracarond (lefis ded) perfusion with 4
Sharp potenualy predommnanily on the 1 fi s'd

& Record 2} ours later Intense paroxysmal firing fron the left hemuspl ere starng a few mn

utes after |
D Record at 1t en! of the  Lour cxprnment Pers sting modrerate anmmetrv with slower

waves on the | ft sde N> sharp porentials
(FZ0" bpetar fronto-ocerptal Joad. |

perieillin 13 m) for 30 sec

hemsphere showed no staining from trypan blue i contrast to the physiologt
cally non barred regions
A summary of the expennmental data appears 1o Table I The occurrence of
a predominantly unifateral barner defect in the early phase was demonstrated
by EFC actnanng tests i all expenniments and further proved by staming
with Congo red applied 14 sn this phase an 6 expts (no 2 5 6 6—10} The
evoked EEG changes consisted of paroxysmal actnity in all expenments but
one (no 2} 1n which the effect appeared as marked slowing of the pattern on
the side of the caroud perfusion
Restitution of the blood braimn function was established w0 6 animals (no 5—10)
as yudged by the negatne results of the dyc test when trypan blue was gnen
1 the late phase of the exp Tins restitution was also mdicated by the
obeervation that pemallin injected s+ 10 the same late phase produced no
sigmficant ELG changes (na 7—16} In the remaning 4 cxpts 2 tendency
1pwards restitution was suggested n 3 animals {(no 2 —4) Inexpt no 2 Congo

hersphere while the
en n the carly phase had stamed the whole left
::?nugr‘\:ﬂl) apphied trypan blue stainied only asmall arez panetally Acanupgg:é
ing reduction of the d: activity on

ged region g g T



BLOOD BRAIN BARRIER 37

Table I Schematic representation of the expermental data

¢ | Bammier damaging agent | Results of barr er function| Dura [ Barrier | EFC ¢ ure
= | perfused intracaroudally | tests twn of | restitut on
% | Urokon (U) Pemcall expt
2 ™ (U) PenscillmPe) ‘Early phase | Late phase (;gm)
Agent | Amount] Apphc | Dye{ EEG | Dye|EEC
{eonc) |(ml}  [ume |test {act |test |act
{sec) vating vat ng
test test
U 9 25 + + 4 > Mamly! ft sided
[Suggested | changes provok
2fu 3 9 [ 30 |+ + [(+) 8 |ibydyetestscdb th  rond
Suggested | mjecton andfor
3lums 12 3 4+ |+ ] 8 by EEG admun tra
4uts 13 2 + | +| — | 7 |jactvaung |sion of the acd
tests compounds —
5fpc 4 13 30 +| + - 9 |[Proved by | tendency tono
6|pc 4 ) 30 | +| + |- 85 ||dyetests |malization 1n
Proved by | the final phase
s gl il B ’d,: tests | of the expens
H U3 5 B+ )~ — [ 9 and EEG [ment (concer
2 P 4 14 1B [+ + |- - 6 {lact atng [mngespt no
Pe 4 12 0 |+ + [{—| -] s» LM 3 see text)

actvation 1n the early and late phases was observed 1n expt no 3 In expt
10 4 the late phase dye test was shightly postive the EEG activaung tests
here suggested a tendency to recovery of the barner function In experiment
no 1 no information on barrer restitution was obtamned

The course of the FEG 1n these long term experiments showed varying pat
terns as exemplified 1n the experiments to be described The injection of the
barnier damaging agents 1nfluenced the EEG dlﬂ"crcml) rmm a rather shght
asymmetry up to a marked and p d
activity In all cases these effects rcvcrs:d 1 some c‘(pcnmcm.s c\.cn to a
symmetrical EEG pattern The EEG effects on the barner damaged side after
intravenous loading with acids also faded after vanous lengths of ume (wath
the exception of expt no 3 where spiking from one part of the Ieft hemisphere
Ppersisted until the termmaton of the expermment)

Discussion
The findings indicate that the barner al caused by adeq;
dosed sodium acetrizoate (Urokon) and pemeilin G 15 a reversible process as
was the damage induced by the ch lly related acd 1o0d {Diodrast)

according to Brosan and Otssos (1918) The nature of thus rev ersible barner
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dysfunction 1s unknown O
the recently proposed ");’ihpumxx‘d":z:\ai 1o smamine the process arises from
orgime polar compounds like th it the mormal blood bratn bamng of
of braus bloedd veet e or Prosent nauds at least partially 1 an effect
. ccted transport mechannms  phymologicall
sex}n:um; ofwayte l";’d"':“ (STrevwart 191, I pstront an';gSrnl-\:Lm:IdDG{;r
uch mechanmsms nught be blocked by
concentiatioms o the potar comp:x]nd); t(:::rl;:h:g‘;:);m Iextdposed to too hugh
artery n the present expeniments), i a manner analo; zﬁ‘ "}a e o
to uceur o the excrefory transport 1pparatus in the rc?l:xlxx IZ "\ hat 1 known
liver Asin these organs the overloading effeets on the b dbules and in he
be reverstble Duning the state of overloading the acids do m::,r If l,lmugt:n:;
wmpediment to passage from the blood into the brain and (hll{:ll' o t
used for bamer damage indicauon when actwvating the FLG o hey can h‘c
brun After restitution of the transport function the Larring effe gy
lished furthermoare the already invaded acd compounds 51:) Cr;lsg:::;:‘]:;‘
e o e ety b e ot
transportabulity the 2 dyes C)un 0 rec;: ‘:;' ;'rﬂmpor( Wtk respect o this
differ quantitatnel # 2nd Muorescen can be expected 1o
il ¢y according to the great difference in their tissue affimits
This dissimularsty might account for the observation reported in the desenp-
tion of expt no § {and lso occuning mno 6 9 and 10) that fluorescen was
found only 1n a part of the Congo red stained regions after termunation of
the expeniment although the dyes vere ginen together in the early phase This
phenomenon will be further analyzed 1n 2 separate study i our faboratory
The EF'G course 1 the present expenments with reversible barmer inhib
tion 13 different from that seen 1n the series with persistent barnier injury caused
by mercunc ions (STENwALt and Fropsarn 1963} where the clectncal
actiaty on the barner-damaged side sooner or later became depressed and
ultimately deteriorated In the present series the bamer bloching carohd
perfi of the aad ds cspecially p I could quickly give rise
to marhed ipsilateral LEG effects these were however of an exaitatory tvpe
and most likely excrted by surplus aad which could reach the nerve celss
once the barrier impediment was ehminated But even when the CEG changes
evoked by this means or by addional intravenous loading with the acuds
were pronounced and of long duration the final outcome was a clear tendency
10 normibzanon The ELG wfluence of the 2 man ndicator dves Congo
red and trypan blue, was less apparent which might be a consequence of
therr pronounced tissue affimty and poor diffusibihity renderng them less
apt to reach the neuronal membranes
The LEG abnormahines of excitatory (epileptogentc) type prosoked by the
a0d compounds after blockage of the blood brain barner i these experiment
are comparable to effects observed both cxpenmentally and clineally when
other organic tons were applied topically (antrathecally) within the
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central pervous system thus avoiding the barrier hundrance to thewr action
on the neuronal membranes (Mcluwaly 1957 Curns and Eccres 1958 2 b}

In forthcomng experiments other barner damaging agents will be mvesty
gated with the aum to achieve opumal condivons for the study 1n the ELG
of ! 1nfl exerted by Uy barred pound; d
m the general arculation
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Biochemacal and Functional Effects of Long-Term
Admmstration of Reserpine 1o Mice
Iy

Leen \Magnzwicz?
Recened 9 fanuary 1% 3

Abstract

Marniewicr L. Bischemical and functonal efects of long term admms
erate o of reserpane wn prce \cta physiol scand 1963 38 3.6-—380 —
Mice were wyected daidy with reserpine (0 08 ma/kg) for 80 days Nor
adrenaline doparmne and 5-hvdroxvtryptamine were measured 1n
bram noradrenaline i hrart and adrenahne and noradrenahne 1n
the adrenalt The behaviour and the bodv weights of the mice were
followed closeh throughaut the entire period of weatment The
major part of the tssue moncamines disappeared durmg the imtial
peniod of the inpecions but there tended to be a recor ery of the mono-
amines dunng the latter part of the expeniment 1n spite of contimued
wyections with reserpine. The wesght and the behaviour of the mice
also showed the typical actions of reserpsne durmg the imual period
of injections (1 ¢ v eight loss and sedation) but as the myections con
unued these functions also showed at feast a partial recoven

In most of the work done so far with the aim of correlating biochemical and
funcuonal changes brought about by reserpine relamely large single doses of
the drug have been used In this laboratory snvestiganons have been started 1n
which the long term effects of small daily doses of reserpine are studied Hac
cEvpaL and Lispovist (1962) have thus obsened that in rabbuts such treatment
may fead to derable depletion of hol. and 5 hydroxytryptamune
{5 HT) sn brain and other tissues without any gross disturbance of behaviour

In the present paper a sumlar study 1n mice 15 reported
1 Pathology School of Medicme Warsaw
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Fig 1 Effec of chromu, rserpine treatment on weight of mice The mean waghts = S E ar
wdicated The number of antmals 15 shown below the graph.

Methods
The test mce v ere inected subcutancously with reserpine 0 08 mg/kg/day ma 2
glucose solution Control muce + ere myected with an equivalent volume of the solvent
Each day the nuce were weighed and carefully observed throughout the das  bic test
or control muce were killed by decapitation 24 hours after the last injection The adrena
Ipe and noradrenaline conteats of the extracts of the tisues were deterpunated ac
cording o the method described by BerTrER, Cartsson and Rosengren (1958 dop-
amune by Cartssov and Warnges (1958) modified according to Caresson and Lixo-

QST (1962) and S-hydrovytryptamine (5 HT) by Berrrr (1961) except that the
perchlanc acd residue was re-extracted

Results
Body ueight and behariour

After 7 days of treatment the body weights (Fig 1) of the reserpine treated
fuce started to decrease After 3y eebs the body weights started to increase
again and d to do so th Y 1he Y h they e
maned at a lower Jevel than the weights of the control antmals

Dunng the first 5 days there were no marked differences between the be
haviour of the test and control mice The only noticeable effect of reserpine
(asude from the loss of v eight) was a ptosis which oceurred already after the
first mjection After 5 days the mice were sedated following each 1njection anc
this effect tended to persist for a longer duration with inereasing 1nyections
Gradually anoreas appeared but on about the 20th day of treatment the
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Fig 2 Efect of ch
K 3:‘" nm!rn!(:(n‘ l:rn:::e FevIpIne treatment on S-h - drotytryptamine noradrenaline and dop-

started to eat more However even after 23 days the mice looked poor and the
wei his of the experrmental mice had decreased 1o 67 per cent of the controls
After 4 weeks howeser the test mice coutd nat be dustingwshed from the controls
except for a peniod of sedation lasting approumately 6 hours afier the myecuon
They remained 1n thns condition unul the end of the expermment

Fffect of resetpure on the concentration of wonoamnes in bratn

The concentration of 5 HT in mouse brain decreased to about 30 per cent
of the control value 1n about 2 weeks and remained at this level for the rest of
the expenimental peniod  The norvadrenaline level showed a simlar course

Fiy 2)

¢ 'I%hc dopamine decresed to about 10 per cent of the control salue i about
2 weeks and then seemed to rise again up to about 30 per cent in the following
2 weeks. This feve!l was mamntamed for the rest of the expeniment

Efuct of resetpune on eatechol amne levels 1n extracerebral tussues

‘The noradrenalipe content i heart declined more rapidly than in bram a
decrease of about 50 per cent occurning within 24 hours After 4 days the nor
adsenaline had decreased 10 about 10 per cent and remained at a low Jevel for

the rest of the experiment (Fig 3)
The adrenzline and noradrenaline of the adrenal glands decreased to about

30 and 15 per cent respectisely, dunng the first week The results are expressed
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Fiz 3 Effect of chrome reserp ne treatment on noradrenal ne contentin heart
alinc and adreashine contents h adrenals *an and on noradren

as yig of amme per pair of adrenals because reserpine causes an increase of the
weight of cortex (hitazan Suistav and Wik 1961) Dunng the follownn,

2 wecks the drenaline d to about half the ccmrogl
values but then decreased again duning the subsequent 2 weeks (berween the

24th and the 40th day) It then slowly increaed agamn The adrenaline ley e}
started to nise on the 10th day In contrast ta noradrenakine the nise 1n adrena

line weas continuous Towards the end of the expenment the adrenalie ley el
was nearly normal

Discussion

In these experiments 2 periods can be disunguished The former per odwhy
lasted a couple of weeks 15 charactenized by cumuiation of both funcuona) ch
biochemical effects The latter period 1s charactenzed by marked thoy, hand
plete fi i recorery Bioch Hy the recovery wag Jogg cog not
in general but vaned n different ussues and for different aminey In ]:nplctc
definite though partal recovery of doparune only was seen Iy h':a“r‘ax.n a
adrenaline showed no recovery The most clearcut recovery of amm, nar
was teen s the adrenals where parucularby adrenaline Tetumed 4 e Jevels
normal values The adrenal noradrenaline showed a two-phase reeg, 0 bearly
mav be related to the transient nise 1n adrenal noradrenahing o ‘:;’ which
tecovery from ¢ g a single dose of rescrpine by Catirseiiay and d\vmng
(1962) S FINN
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The consderably more marked recovery of the adrenal amines as compared
with the 1mines of the other tssues may be relted to the well known fact that
the action of reserpine on the adrenal medulla 15 partly centrally medated
The anomalous behaviour of the vdrenals in the present expeniments may there
fore be secondary to the functional recovery of the bran

Ihe explanition of the functional recovery olnerved 1 the Ppresent expen
ments 1n spite of continued dosage of reserpine and low monoamunc levels in
brain must awast further studies It scems possible that the monoamune storage
mechanism showed a hugher degree of recosery than the level of monoamme
stores Celtular adaptation according to the “law of denervation 15 another
factor to consider

1 w1 to expross mv deep grantude to | rofessor Arvip Caxessox for bus advice and continued
snterest throughout this work T amind bted to the Swedish Csba Led  Stockholm for generous

supplics of Serpa it
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Function of the Corneal Nipples 1n the Compound
Eves of Insects

By
C G Bernmaro Wittt H Miceer wnd \a6e R Mocen

The compound eyes of certain msects contun on ther corneal surfaces 3
hexagonal array of mpples the dimensions of which are about 200 my buets
up and center to center (BERnHARD nd MitLER 1962) The Yolloy, Ing invest,
ganons were carnied out 1n order to eluadate the functions of these napping

Spectrop Spectral of imsect carnegy y,
measured between 700 mu and 230 mu All comens investigated shoy lm‘s
change in density for the vinible spectrum but hwe a sha i
1n the ultraviolet with 2 peak at 275 mu which was show
corneal chutin and unrelated to the presence of mipples

2 Muvonate experiments Approprately scaled dielectre mod
corneas were Cast unng various waxes that has e values for the sqiy
diclectric constant that appraumate the index of refraction of o

AMeasurements of the fransmission through these model hefore and
of the mpples show that the mipples cause an nerease 1 optical g,
measured on the optical axss There 15 2 peaking of optigat denyy ?my &
15 log units where the wavelength « 7} s half the mpple heght ) )" of af
05 Measurements made off the aptical 15 show that thys i, v
the sesult of a redistnbunon of energy and hence 1t 1s assum,
festation of an interference phenomenon caused by the fe.
nipples For values of 4/d of 1 5 10 5 O the presence of myy
crease 1 the amount of transmitted energy Transmision !hmugh thy
15 not a funchion of the plane of polanzaton of the TMCTOW Ay ey ) 3
the surfices of models before and after removal of the p, Yy w«/mlm
restigated The presence of mpples results i decreated reflectior 0(3;:; oy
umits over a broad range of vatues of /1d Expeniments oy metal (.(05),4
that the reflection 1s ndependent of the presence of meyy mpple 1 e $oq
change in reflection duc ta the presence of nipples 1 not caused S By §
When applicd to the nsect cornea the tesults of the Ny P ety
on the models mndicate that the density werease at Ad =g o Xfeny .
region of the ultravioler part of the spectrum where almagt
the surfice of the earth Therefore this particular phenorg, o o
have no biotovical significance Howeser throughaut the by s the
near wiraviolet the MICtowane cxperiments indicate thay gy, :‘:’:um
e r
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marked decrese in reflecton from the front surface of the carnea and a corre
ponding merease in sion through the cormea

3 Ligk roeroscope sr estigatt rs Lxpertments 1n which light reflected from
insect cornes floating on india ink was photographed confirm the obsers ations
made on models that the presence of nipples decreases the light reflection from
the facet surface The nipples decrease the reflection by something lesy than a
log unit over a braad range of wavelengths including the Hg 1 hine at 36> mur
but do 5o less effectivels for the Jongest vinble wavelengths The nipples do not
imparr the transparency of the cornea

Cencluztons The rupples found on the corneal surface decrease reflected energy
from the surface and correspondingly increa ¢ through the cornea
In this respect the nipple array resembles man made antreflection coatings

The mechanums of ths natural coatng  mav be understood sn terms of theones
generally applied sa the study of sruficsaf coxtingy i optis An optmal antireflection
coanng would br achicved by making a gradual transition between the index of re
fraction of air and that of the Jens material Because this cannot be consemently realized
by the apphication of homogencows coatings a practical approxmation to the sdeal 1
achieved by covening the lmns surface with a ningle laver of homogencous transparent
matenal of Jow refracinc index  For warelengihs close to four imes the thickness of the
coaung reflection will be substantsally diminsshed However for coatings that make a
gradual tranution theony predicts that the reflection wall be diminust ed over a broad
range of wavelengths (Brasir 1950 sce also STrRoNG 1930)  the thickness of the coating
14 therefore not entical but should be abour half a wavelength for the middle of the spec
trum concerned Fyidently the natural typeof coating found oninsect corneasachieres
the theoretical optimal conditions for the most effectne antreflretion coating The
nipples are small in relation to waselength of vauble hght Therefore the mipples and the
211 spaces between them have the appearance of homogencous materal which provides
a gradual increase sn denuty thus grang a smooth tranution of refractive index from
that of air to that of the comea

By dimmnushung reflection from the corneal surface the mpples 1mprove
camouflage without imparning vusual acutty In fact there 15 a shight increase 1n
Light transmssion Al of thesc factors are of mmportance particularly for

nocturnal insects
These 1mvestigations were supported n part by the United States Aar Force under
Crant No AF — EOAR 62--13 and d by the pean Office of
Rescarch (C G Bernhard princrpal msvcsugator) and in part by Research Grant BJS‘G\!
from the Natronal Insutute of \curological Discases and Blindness Umted Statey Public
Health Senvice 8 (H k. Hartlime principal imesugator) The research has also bren
supported by the Suedish Medical Research Council The Department of Medical
Phvsics and the Department of Medical Cell Rescarch and Genetcs at harolinska
Insttutet have made available to us hesr equpment and technical fardnm:h We arT
particularly indebted to Professor £ Agdur of the Microwave Department at the Royal
Insututenf Technology Stockholm for his advice and for hisgencrosity with his equipmen
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Cellular Locahization of Monoapunes wn the Median
Emnence and m the Infundibular Stem of
Some Mammals
By

KieLL Fuxe

Monosmunes probably eatecholamines have bwen f 1 A zermnulated i the
medtan cmunence with the he),

p of a mstochemical fluarevrnze snethod {Caes
soN Faiew and HitLare 1962) However thetr cellular lecalizanon could ngy
he decided on The purpose of the present IMmettgation was to determune 1q
what cell structures the amines are localized and therr relatton to the porial
system

praraice i Canle ov ef a) 1924
Since the tuberomfundibular LU o i e ame Fezon {if
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Small nene eells wuth a weak preen fluorescence were found 10 be tuated 1
the arcuste nucleus and the sentral portion of the antenor pernventncular
nuclens (we alo Canpssos of al 1652

The speafic green 10 yellow green fluorescence i the fibres and in the nene
cell bodies disappeared in W speaies after seserpine treatment In the rat a
large decreace of the fluorecence was obsered after a dose of onhy 0.5 mgkg
128 hr) It had diappeared 10 mice and rats + huch were kalled 2 hr afierip
admunntration of m tyrosne (400 mg k., 3 times with 2 hr nterralsy Since the
lustochemucal enstenia (ce Farer 1962 alio were fulfilled there seems to be
little dnulit that the fluorescent matenal 1x demed from primany catechol
amunes Dapamine may well be the chief amine present n the fluorescent nenve
fibres surrounding the pnman capillany plexus snce fuorescence could be
developed i rost of them 24 hr after admunstration of ¢ methyl m tsTosne
300 mz kg s p to mouse rat and guinea pig) of Carwssos of ol 1962)

The fluorescent terminaly were sull present 2 to 17 days after cenacal sim
pathiectomy (rat and guinea pig) They thus probably belong to central neurons
and may engnate from the catecholarmine contamning nenve cells detected 1n
the region where the tubero-infundibular tract ar es

The finding that catechol are accumulated in high «
pene termunals  urrounding the pimarny capillany plexus of the portal svstem
indicates that these amnes act as n } 1 for the !
of the activty of the antenor pituitary

m
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